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Requirements  for  the  Degree  of  Doctor  of  Philosophy 

TEACHING  CONCEPTS  AND  PROPERTIES  OF  PARALLELOGRAMS  BY  A 
COMPUTER  ASSISTED  INSTRUCTION  PROGRAM  AND  A  TRADITIONAL 

CLASSROOM  SETTING 

By 

Richard  Arthur  Austin 
April  1983 

Chairman:  E.J.  Bolduc 

Major  Department:  Subject  Specialization  Teacher  Education 
This  study  compared  the  performance  of  32  pre-service 
elementary  teachers,  who  received  instruction  about 
parallelograms  from  a  computer  assisted  instruction  program, 
which  was  written  for  this  study,  and  37  pre-service 
elementary  teachers,  who  received  the  same  instruction  from 
a  teacher  in  a  classroom  setting.     Participating  students 
were  from  four  Childhood  Education  Program  classes.  Only 
those  students  whose  pretests  demonstrated  that  they  did  not 
already  understand  the  concepts  being  taught  were  used  in 
the  study.     The  instruction  used  was  identical  for  both 
groups.     The  computer  program  was  written  for  this  study  in 
the  Apple  Pilot  language  in  order   to  display  both  graphics 
and  text  anywhere  on  the  screen  at  the  same  time.     After  one 
week,  the  students  were  given  a  oosttest.     These  scores  were 
used  as  a  measure  of  the  student's  achievement  and  were 

iv 


comparea  using  an  analysis  of  variance  procedure.  The 
results  of  the  analysis  of  variance  indicated  that  the 
computer  assisted  instruction  group  had  significantly  higher 
mean  posttest  scores  than  the  students  in  the  teacher's 
classroom  group. 

Effects  which  were  tested  but  found  to  be  not 
significantly  different  for  the  two  groups  included  effects 
due  to  having  different  regular  class  instructors,  effects 
of  university  mathematics  background,  having  had  an 
instructional  computing  unit  prior  to  participation  in  the 
study,  and  any  interaction  between  the  group  assignment  and 
the  regular  instructor. 

When  working  the  CAI  program,  each  student  interacted 
with  the  program  via  the  computer.     The  student  had  to 
answer  each  question  individually.     Thus,  the  student  had  to 
pay  attention  to  each  question  and  was  actively  involved 
with  the  material  being  presented.     This  greater  amount  of 
attention  paid  to  the  material  being  presented  may  account 
for  both  higher  mean  scores  and  the  smaller  variance  within 
the  CAI  group  on  their  posttest  scores.     Students  in  the 
teacher's  group  worked  at  the  same  rate  due  to  the  nature  of 
presentations  to  an  entire  class.     Students  were  only  called 
upon  to  answer  a  few  questions;   some  students  may  not  have 
answered  any  questions  aloud. 

This  study  showed  that  a  computer  assisted  instruction 
lesson  was  effective  for  teaching  a  geometric  concept 
attainment  exercise. 
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CHAPTER  I 
INTRODUCTION 

The  availability  of  microcomputers  in  both  public 
schools  and  homes  is  rapidly  increasing.     Computers  are  now 
sold  in  shopping  centers  and  advertized  on  television.  Due 
to  the  increased  use  of  computers  many  educators  are  calling 
computer  literacy  a  basic  objective  of  schooling.     There  is 
little  doubt  that  the  role  of  computers  in  education  is 
expanding.     One  of  the  key  reasons  that  computers  are  being 
used  now  more  than  ever  before  is  that  the  cost  of 
microcomputers  has  dropped  to  a  level  where  many  schools  are 
now  purchasing  them.     While  the  cost  of  microcomputer 
systems  has  dropped  drastically  over  the  last  few  years, 
school  budgets  do  not  have  extra  finances  to  spend  on 
innovative  instructional  strategies  which  are  of 
questionable  value. 

As  schools  begin  to  utilize  computers  certain  questions 
need  to  be  answered.     Will  the  computers  be  used  exclusively 
for  administrative  tasks,  such  as  scheduling,  grade  records, 
and  attendance  reports?     Will  computers  be  used  in 
instruction,  to  teach  or  to  help  teach  students?  If 
computers  are  to  be  used  in  classroom  instruction  then 
decisions  concerning  the  role  of  the  computer  must  be  made. 
Many  educational  leaders  are  having  to  answer  these 
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questions,  and  make  decisions,  not  only  about  the  purchase 
of  computers,  but  also  about  how  the  computers  which  they  do 
purchase  will  be  used  in  their  schools.       In  order  to  help 
with  such  decision  makinq  more  research  on  the  effectiveness 
of  computer  assisted  instruction  is  needed.     While  some 
results  now  indicate  that  computer  aided  drill  and  practice 
are  effective,  there  is  very  little  research  available 
concerning  the  use  of  microcomputers  and  the  tutorial  mode 
of  computer  assisted  instruction.     In  addition,  none  of  the 
studies  available  featured  a  program  written  in  the  Apple 
Pilot  language.     This  study  was  designed  to  provide  data 
upon  which  educational  leaders  can  base  their  decisions 
about  the  use  of  tutorial  computer  assisted  instruction  in 
their  schools. 

Purpose 

The  purpose  of  this  study  was  to  compare  the 
achievement  of  two  groups  of  students  after  they  had 
completed  a  lesson  about  parallelograms.     One  of  the  groups 
was  taught  using  a  computer  assisted  instruction  tutorial 
program,  while  the  other  group  received  direct  instruction 
from  a  teacher.     In  all  other  aspects,  the  presentations  of 
the  lessons  were  identical.     The  question  to  be  answered  is: 
Will  students  learn  more  about  parallelograms  from  a 
computer  assisted  instruction  lesson  taught  on  a 
microcomputer  than  they  would  by  a  teacher  in  a  standard 
classroom  setting? 
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Rationale 

Based  upon  past  observation,  many  pre-service 
elementary  teachers  have  poorly  developed  backgrounds  in 
geometry.     For  example,  many  students  do  not  recognize 
rectangles  and  squares  as  special  parallelograms.  Since 
this  topic  is  covered  as  part  of  the  normal  elementary 
mathematics  education  course,   it  was  chosen  to  be  the  topic 
of  the  computer  program  for  this  study. 

The  lesson  taught  focused  on  the  concept  of 
parallelogram.     In  mathematics,  concepts  are  learnable 
objects.       The  term  concept  is  defined  as  follows;  "A 
concept  is  an  abstraction  that  represents  objects  or  events 
that  have  similar  qualities"    (Johnson,   1979,   7  35).  Another 
definition  is  "A  concept  is  a  category  within  which  objects 
or  events  are  treated  as  equivalent"    (Travers,   1977,  453). 
The  students  were  supposed  to  learn  that  all  quadrilaterals 
(four  sided  closed,  plane  figures)   which  have  opposite  sides 
parallel  are  in  a  special  category,  due  to  their  shared 
characteristics:   they  are  called  parallelograms. 

In  studying  parallelograms,  each  student  went  through 
several  steps.     First  the  student  learned  to  properly 
classify  a  given  figure  as  either  a  parallelogram  or  not  a 
parallelogram.     This  is  done  by  identifying  the  attributes 
which  make  a  figure  a  parallelogram.     Later,  the  student  can 
use  the  then  established  concept  of  parallelogram  as  a 
foundation  upon  which  to  build  other  related  concepts.  For 
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example,  the  concepts  of  rectangle  and  rhombus  follow  nicely 
from  parallelogram.     Then,  after  students  know  what  a 
parallelogram  is,  they  can  learn  about  various  relationships 
of  the  parts  of  parallelograms. 

There  are  many  methods  for  teaching  mathematical 
concepts.     In  this  experiment,  the  definition  of 
parallelogram  was  developed  using  an  inductive  technique. 
In  their  book.  Models  of  Teaching,  Joyce  and  Weil  (1972) 
identify  several  teaching  models.     The  model  used  in  the 
beginning  of  the  lesson  is  called  the  concept  attainment 
model.     All  students  were  taught  following  identical 
instructional  models.     The  key  aspect  of  the  concept 
attainment  model  is  that  the  student  is  presented  with  first 
examples  of  the  concept,  then  with  non-examples  of  that 
concept.     In  this  way  the  students  are  to  pick  out  the 
characteristics  which  make  the  objects  being  considered 
either  examples  of  or  non-examples  of  the  concept  being 
taught.     After  this  examination  stage,  the  students  are 
presented  with  additional  objects  and  asked  to  classify  the 
obj.ects  as  examples  of  the  concept  or  not.     When  the  student 
can  consistently  classify  new  objects  properly,   then  that 
student  is  said  to  have  attained  that  particular  concept. 
The  initial  concept  of  parallelogram  was  taught  using  a 
concept  attainment  exercise,  which  resulted  in  the  students 
generating  a  definition  of  parallelogram.     This  definition 
will  be  compared  to  the  definition  provided  by  the  teacher. 
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Additional  properties  of  parallelograms,  including 
relationships  of  opposite  sides,  various  properties  of 
diagonals,  and  special  cases  such  as  rectangle  and  square, 
were  taught  using  definition  and  example,  counterexample, 
and  sufficient  conditions.     The  use  of  these  deductive 
approaches  in  teaching  concepts  of  mathematics  was  presented 
by  Cooney,  Davis  and  Henderson  in  their  book,  Dynamics  of 
Teaching  Secondary  School  Mathematics  (1975). 

While  the  concept  of  parallelogram  and  the  associated 
relationships  taught  are  important,  the  real  focus  of  this 
study  was  the  mode  of  instruction  used  to  teach  the 
concepts.     The  central  question,  as  asked  previously,  is: 
Will  the  students  who  are  taught  by  the  computer  assisted 
instruction  mode  learn  better  than  students  who  receive 
their  instruction  by  the  standard  classroom  mode? 

Subjects 

The  subjects  were     pre-service  elementary  school 
teachers  from  the  Childhood  Education  Program,  who  were 
enrolled  in  the  Elementary  Mathematics  Methods  course  at  the 
University  of  Florida,  Spring  semester,  and  Summer  Term  A  of 
1982.     While  students  were  not  graded  directly  for  their 
participation  in  this  study,   their  participation  was  a 
required  activity  as  part  of  the  geometry  unit.  In 
addition,  students  in  a  special  class  which  leads  to 
elementary  teacher  certification  were  used,  even  though  they 


were  studying  art.     These  students  had  much  the  same 
characteristics  as  other  pre-service  elementary  teachers. 

In  all,  the  students  were  from  classes  taught  by  four 
different  instructors,  and  they    participated  in  the  study 
during  their  normal  class  time.     Those  in  the  mathematics 
classes  participated  during  the  part  of  the  term  that  their 
particular  instructor  was  teaching  the  geometry  unit.  The 
same  person  was  the  teacher  for  each  of  the  classroom 
presentations.     This  was  to  avoid  differences  in  learning 
due  to  the  teaching  style  of  that  group's  regular  teacher. 

Lesson  Development 

The  computer  program  to  be  used  in  this  experiment  was 
written  by  the  author.     The  Apple  pilot  language  was  chosen 
on  the  basis  of  two  characteristics.     One  reason  was  the 
capacity  for  high  resolution  color  graphics.     The  other  was 
the  ease  with  which  graphics  and  text  can  be  mixed  in  the 
display.     This  part icular ily  includes  easily  setting  up  text 
windows  which  permit  several  questions  to  appear,  one  at  a 
time,  without  changing  the  graphic  display. 

During  the  development  of  the  computer  assisted 
instruction  program  two  expert  programers  reviewed  the 
lesson  and  aided  in  its  direction.     The  program  was  also 
reviewed  by  a  national  leader  in  the  use  of  the  Apple  Pilot 
language;   two  high  school  teachers,  who  teach  the  content  of 
the  lesson  in  their  own  classes;   another  instructor  of 
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mathematics  for  the  Childhood  Education  Program;  and  several 
pre-service  special  education  teachers,  who  have  backgrounds 
similar  to  the  students  used  in  the  study.     Feedback  from 
the  students  indicated  that  the  directions  were  clear  and 
that  they  had  no  difficulty  in  branching  to  the  help 
sequences,  and  then  returning  to  the  main  lesson.     The  time 
required  for  the  special  education  students  to  complete  the 
lesson  ranged  from  twenty-two  to  thirty-four  minutes. 

This  program  makes  use  of  four  basic  features  of  the 
Apple  Pilot  language.     The  text  and  graphics  are  used 
throughout  the  program.     The  title  page  and  concluding 
segment  feature  character  set  displays.     Sound  effects  are 
used  in  the  feedback  to  the  student  concerning  the 
correctness  of  the  answer  given. 

The  teacher's  presentation  was  like  the  computer 
program  in  that  the  same  questions,   in  the  same  basic  order, 
were  asked.     The  same  diagrams  and  figures  were  seen,  but  on 
a  screen  from  an  overhead  projector.     The  only  differences 
in  the  two  groups  was  that  the  experimental  group  (with 
computers)   did  not  have  a  teacher  who  can  answer  any 
questions  asked  by  students  in  the  group. 

Procedures 

The  students  all  took  a  pre-test,  developed  by  the 
author  for  this  study.     This  test  was  designed  to  identify 
students  who  had  not  mastered  the  concepts  taught  in  the 
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lesson.     The  pre-test  contained  four  problems.     The  first 
was  to  circle  the  eight  parallelograms  on  a  page  containing 
sixteen  geometric  figures.     Circling  a  figure  which  is  not  a 
parallelogram  or  leaving  some  parallelograms  uncircled 
indicates,  at  best,  an  incomplete  concept  of  parallelogram. 
This  is  a  recognition  type  question.     As  expected,  many 
students  did  not  circle  the  rectangles  or  square.  In 
addition,  some  students  circled  trapezoids  and  the  hexagon. 
The  second  and  third  questions  ask  students  to  write  the 
number  of  sides  a  parallelogram  has,  and  then  draw  three 
different  types  of  parallelograms.     Almost  all  of  the 
students  did  well  on  these  two  questions.     The  final 
question  asks  the  student  to  draw  the  diagonals  of  a  given 
parallelogram.     The  students  were  given  a  chance  to  indicate 
that  they  did  not  know  what  a  diagonal  was.     Many  of  the 
students  indicated  that  they  did  not  know  what  a  diagonal 
was.     Students  who  did  not  answer  the  first  and  fourth  parts 
of  the  pre-test  correctly  were  randomly  assigned  to  one  of 
two  treatment  groups  for  this  experiment.     Those  students 
who  answered  all  pre-test  questions  correctly  participated 
in  the  class  activities  with  students  assigned  to  treatment 
groups.     However,  their  posttest  scores  were  not  included  in 
the  analysis.     The  pretest  was  given  to  insure  that  students 
who  were  being  compared  as  part  of  this  study  did  not 
previously  understand  the  relationships  being  taught.  At 
the  same  time,  all  students  of  each  class  participated  in 
each  phase  of  the  experiment  with  other  class  members. 
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The  experimental  group  consisted  of  those  students  who 
were  randomly  assigned  to  the  group  which  received  their 
instruction  by  working  the  computer  assisted  instruction 
lesson  on  the  Apple  microcomputer.     The  other  group  received 
their  instruction  by  the  standard  teacher  to  group  mode  of 
instruction.     These  classroom  groups  received  their 
instruction  from  the  same  teacher. 

One  week  after  their   instruction  all  students  took  the 
same  posttest,  covering  the  concepts  and  relationships 
taught  during  the  experiment.     The  posttest  was  written  for 
this  experiment  by  the  author.     The  first  question  was  the 
same  recognition  question  as  on  the  pre-test.     Next  was  a 
series  of  statements  about  parallelograms  and  their 
properties.     Students  indicated  whether  the  statement  was 
always  true,  sometimes  true  or  never  true.     Students  were 
then  to  write  a  definition  of  parallelogram.  Finally, 
students  were  given  a  series  of  questions  concerning  the 
angles  within  a  parallelogram,  as  was  done  in  the  lesson. 
The  students  were  asked  to  generalize  from  a  specific  case 
to  the  general  case. 

Hypotheses 

The  following  hypotheses  were  chosen  based  upon  the 
following  question.     Will  students  learn  more  about 
parallelograms  from  a  tutorial  computer  assisted  instruction 
lesson  than  from  the  same  lesson  as  taught  by  a  teacher  in  a 
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standard  classroom  setting?     The  mean  posttest  score  for 
each  group  was  the  measure  of  achievement  used  in  making  the 
compar  isons . 

Hypothesis  I 

There  will  be  no  difference  in  mean  posttest  scores  for 
the  two  groups  of  students  who  received  different  modes  of 
instruction. 

Hypothesis  II 

There  will  be  no  difference  in  mean  posttest  scores  due 
to  the  different  regular  class  instructor. 

Hypothesis  III 

There  will  be  no  interaction  between  treatment  groups 
and  instructors. 

Hypothesis  IV 

For  computer  assisted  instruction  groups,  there  will  be 
no  difference  in  mean  test  scores  due  to  having  the 
instructional  computing  unit  before  working  this  CAI  lesson. 

Limitations 


A  major  limitation  of  this  study  was  that  there  was  a 
week  between  the  presentation  of  the  lesson  and  the 
posttest.     During  this  time  students  may  have  talked  to  one 
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another,  and  thus  learned  about  parallelograms  from  each 
other  as  well  as  from  the  presentation.     They  may  have  had 
questions  which  were  not  answered  during  the  presentation, 
but  answered  by  looking  at  the  appropriate  section  of  a 
mathematics  text.     These  possibilities  exist,  however,  since 
the  posttest  did  not  affect  their  grade  or  evaluation  for 
the  course,  the  chances  of  extra  study  were  considered 
minimal . 

Another  possible  limitation  was  that  many  of  the 
students  seemed  to  be  aware  that  they  were  participating  in 
an  experiment.     Since  this  was  true  of  students  in  both 
treatment  groups,  the  effects  of  this  knowledge  should  not 
cause  one  treatment  group  to  perform  better  than  the  other 
treatment  group. 

All  of  the  students  who  participated  in  the  study  were 
pre-service  elementary  teachers  at  the  University  of  Florida 
during  the  Spring  or  Summer  Terms  of  1982. 

Summary 

This  study  was  designed  to  find  out  if  pre-service 
elementary  teachers  would  learn  more  about  parallelograms 
from  a  computer  assisted  instruction  program  or  from  a 
teacher  teaching  the  same  information,  and  using  the  same 
instructional  models.     The  computer  assisted  instruction 
(CAI)   program  was  written  using  the  Apple  Pilot  authoring 
language.     Then  students  from  the  Childhood  Education 
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Program  mathematics  education  classes  were  randomly  assigned 
to  one  of  the  two  instructional  groups.     The  groups  were 
taught  the  same  concepts  of  parallelogram  and  related 
properties.     One  group  received  the  CAI  presentation,  while 
the  other  group  received  the  teacher's  presentation  to  the 
group  in  a  classroom  setting.  The  hypotheses  were  tested  by 
performing  an  analysis  of  variance  on  the  posttest  scores. 


CHAPTER  II 
REVIEVJ  OF  LITERATURE 


While  much  of  the  research  reviewed  is  less  than  ten 
years  old,  changes  in  CAI  are  taking  place  at  a  very  rapid 
pace . 

"Developments  in  computer  technology  have  been 
occurring  so  swiftly  that  no  one  can  predict  with  confidence 
what  the  next  year,  much  less  the  next  decade,  will  bring  in 
computer-based  college  teaching"    (Kulik,  Kulik,  and  Cohen, 
1980,   540)  . 

Chapter  II  is  divided  into  several  parts. 

The  first  part  is  an  overview  of  computer  assisted 
instruction  and  various  types  of  CAI.     Each  of  the  types 
included  in  this  overview  is  found  in  portions  of  the 
computer  assisted  instruction  program  written  for  this 
study. 

The  second  part  concerns  the  characteristics  of  aood 
software.  These  points  were  considered  in  the  development 
and  writing  of  the  computer  program  used. 

The  third,  and  largest     portion  of  this  chapter  is  the 
review  of  several  CAI  studies.     Some  studies  which  used 
elementary  and  secondary  school  students,  as  well  as 
military  personnel,  are  included  because  these  studies 
reflect  the  general  state  of  computer  assisted  instruction 
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research.     Some  of  the  studies  examine  particular  aspects  of 
the  program   (software)   used.     These  studies  were  included 
because  this  program  contains  characteristics  which  were 
investigated  in  the  studies  reviewed.     Many  of  the  studies 
included  in  this  review  are  ones  in  which  college  students 
are  the  subjects.     The  studies  chosen  for  this  review  form  a 
background  for  this  study  in  that  the  subjects  are 
undergraduate  college  students,   thus  the  same  type  of 
subjects  as  this  study  used.     The  results  of  these  studies 
do  not  show  a  consistent  pattern  of  effectiveness  in 
teaching  students  via  CAI . 

The  fourth  and  final  part  of  the  chapter  concerns  the 
teaching  models  or  modes  of  instruction  used  in  this  study. 

Computer  Assisted  Instruction 

Computer  assisted  instruction   (CAI)   is  not  the  self 

explanatory  phrase  that  it  appears  to  be.     According  to 

Grimes  (1977), 

Computer  Assisted  Instruction   (CAI)    is  a 
process  in  which  the  learner  interacts  directly 
with  lessons  which  are  displayed  on  a  cathode-ray 
tube  or  which  are  printed  by  a  terminal  that 
provides  hard  copy.    (p.  1) 

A  similar  definition  is  provided  by  Lau   (1979) . 

CAI  is  an  on-line  learning  process  in  which  a 
learner  interacts  with  a  computerized  system 
(through  a  computer  terminal  and  keyboard)  that 
assumes  a  direct  instructional  role.    (p.  24) 

Both  of  these  definitions  focus  on  the  same  thing:  the 
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relationship  of  the  learner  to  the  computer  hardware 
(equipment) .     The  definitions  indicate  an  interaction 
between  student  and  machine.     Such  a  concept  of  computer 
assisted  instruction  overlooks  the  most  fundamental  aspect 
of  CAI ,  the  software —  the  program  used  to  do  the 
instruction.     The  student  is  using  the  computer  system's 
hardware   (keyboard,  terminal,  cathode-ray  tube,  etc.)  in 
order  to  interact  with  the  software —  the  program  being 
presented  by  a  computer  system. 

Several  computer  uses  in  instruction  have  been 
identified,  and  each  tends  to  perform     a  specific  task.  Each 
of  the  types  of  CAI  included  in  this  part  of  the  chapter, 
except  games,  is  included  in  a  part  of  the  program  written 
for  this  study. 

One  of  the  most  often  used  modes  is  called  drill  and 
practice.     This  mode  of  CAI  gives  the  learner  an  opportunity 
to  practice  skills  which  have  previously  been  taught  (Lau, 
1979)  . 

In  a  problem  solving  mode,  CAI  can  assist  the  learner 
in  finding  and  understanding  solution  strategies  for  solving 
problems.     Sometimes  a  little  student  programming  can  be 
part  of  thes  mode   (Grimes,  1977). 

In  the  simulation  mode  the  learners  are  provided  v;ith 
information  or  data  concerning  a  particular  problem.  The 
students  then  choose  from  the  possible  alternatives,  and 
learn  from  the  results  which  are  presented  by  the  computer. 
The  results  are  the  consequences  of  the  action  chosen 
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(Grimes,  1977).     Simulations  can  be  used  to  replace 
dangerous,  expensive,  and/or  technically  difficult 
laboratory  work   (Kansky,   1979) . 

Games  are  sometimes  considered  a  mode  of  CAI .  However 
often  the  game  will  fall  into  another  mode  according  to  the 
purpose  or  skills  needed  to  play  the  game.  The 
characteristic  which  distingushes  a  game  from  other  types  of 
CAI  is  the  identification  of  a  winner  upon  the  conclusion  of 
the  activity. 

The  final  mode  to  be  covered  is  called  tutorial.  In 
tutorial  CAI  the  computer  acts  as  a  teacher  in  that  new 
information  is  presented  to  the  learner.     Quite  often  a 
question/answer  approach  is  used.     The  key  aspect  of 
tutorial  CAI   is  that  the  learner  is  to  work  toward  mastery 
of  particular  information  or  concepts   (Grimes,  1977). 

In  all  of  these  modes,  the  interaction  taking  place  is 
between  the  learner  and  the  program,  via  the  computer. 

"In  most  cases,  students  participate  in  individual 
sessons  at  a  computer  terminal  and  respond  to  information  or 
questions  presented  to  them  by  the  system.     Programs  are 
available  through  national  networks  and  from  modules 
developed  by  individual  schools  or  instructors"  (Dence, 
1980,   50)  . 

The  term    computer  assisted  instruction   (CAI)  applies 
to  microcomputers  or  personal  computers  as  well  as  the 
larger  computers  which  feature  several  terminals  on  a 
time-sharing  system.     In  an  introduction  to  the  use  of 
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personal  computers  in  learning,  Bork  and  Franklin  (1979) 
wrote : 

We  begin  by  emphasizing  that  the  personal 
computer  is,  first  and  foremost,  a  computer. 
Thus,  much  of  what  has  been  learned  generally 
about  learning  via  computers  in  classroom  use  and 
a  variety  of  research  projects  in  the  past  few 
years  is  applicable  to  the  personal  computer. 
While  there  are  differences  between  personal 
computers  and  their  larger  cousins,  these 
differences  do  not  necessarily  make  the  larger 
systems  better  tools  for  learning.  Indeed 
personal  computers  have  certain  distinct 
advantages  as  components  of  environments  for 
learning.     In  several  previous  articles,  one  of 
the  authors  has  argued  that  the  personal  computer 
will  very  likely  become  the  dominant  mode  of 
educational  delivery,   taking  over  the  now  popular 
timesharing  computer,    (p.  13) 

Each  kind  of  personal  computer  has  its  own  special 

characteristics.     Still,  each  can  be  programed  to  present 

computer  assisted  instruction  of  some  kind.     Many  computers 

allow  graphic  presentations  and  some  have  color  and  sound. 

One  of  the  most  impressive  features  of  many 
computer  systems  is  the  capacity  to  display 
attractive,  detailed  visual  images,  often  in 
motion,  sometimes  in  color.     Dynamic  visual 
illustrations  of  concepts,  principles,  or  examples 
can  concretize  difficult  abstractions  and  thus 
reduce  the  demand  on  the  learner  to  perform  this 
function.      (Carrier,   1979,  p.  22) 

The  use  of  visual  illustrations  may  be  limited  by  the  type 

of  personal  computer  available. 


Character  is tics  of  "Good"  Software 


In  computer  assisted  instruction  the  learner  interacts 
with  a  lesson  designed  to  be  presented  by  a  computer  system. 
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The  computer  system  follows  the  direction  of  the  program  or 
software  being  used.     There  are  no  firmly  established 
guidelines  for  writing  such  programs.     The  articles  included 
in  this  part  of  the  chapter  are  included  because  they  formed 
a  basis  for  the  writing  of  the  program  used  to  teach  the 
concepts  of  parallelograms  in  this  study. 

To  take  full  advantage  of  the  computer's  instructional 
capability,  the  programs  used  should  do  more  than  make  the 
computer  an  electronic  text  presentation  device.     In  their 
introduction  to  an  article  presenting  rules  for  authoring 
CAI  programs,  Spitler  and  Corgan  stated,   "The  rush  to 
computer-assisted  instruction  has  produced  an  incredibly 
large  number  of  mediocre  to  downright  poor  programs 
erroneously  posing  as  CAI  programs"    (1979,   13).  Every 
author  of  a  CAI  program  has  a  list  of  desirable 
characteristics  for  good  CAI  programs.     Of  several  articles 
concerning  the  authoring  CAI  programs,  there  are  some  common 
characteristics  of  programs  which  are  effective  teaching 
tools.     The  suggested  guidelines  are  made  in  general  terms, 
and  may  not  be  possible  with  all  computer  systems.     In  any 
case,  a  prospective  author  should  remember  that  "Unlike  a 
good  teacher,  who  is  able  to  interact  with  students  to 
determine  if  learning  is  taking  place,  the  CAI  program  must 
provide  such  a  complete  presentation  that  learning  can  take 
place  without  human  interaction"    (Spitler  and  Corgan,  1979, 
19)  .     Part  of  the  completeness  of  a  program  is  the  feedback 
to  the  student.     Students  should  be  able  to  get  feedback 
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that  is  more  extensive  than  "no,  try  again"  when  an  answer 
is  qiven  incorrectly   (Caldwel].,   1980).     Students  should  be 
given  an  opportunity  to  branch  to  another  part  of  the 
program  where  help  can  be  provided  for  the  skill  not  vet 
mastered . 

The  next  section  covers  some  very  specific  points 
concerning  the  writing  of  programs.     The  first  aspect  to  be 
covered  is  the  use  of  text  in  CAI  programs. 

"Whatever  is  used,  it  is  crucial  to  interupt  continuous 
lines  of  text  on  a  screen  so  that  the  screen  does  not  look 
crowded  and  cause  verbal  overload  in  students.     Too  much 
text  can  have  the  effect  of  discouraging  the  learner, 
especially  if  he  or  she  is  a  poor  reader"    (Caldwell,  1980, 
8) .     This  concern  for  the  use  of  excessive  text  in  CAI 
lesson  displays  is  mentioned  as  a  problem  by  Bork,  who  v;rote 
that  beginning  authors  tend  to  view  the  screen  as  a 
replacement  for  paper,  and  thev  tend  to  write 
non-interactive  text  for  passive  students   (Bork,  1980). 
Bork  further  points  out  that  in  CAI  lessons,  blank  space  in 
the  display  is  free,  and  should  be  used  to  make  the  text 
there  easier  to  read   (Bork,  1980). 

"The  most  essential  capability,  beyond  those  of 
programing  languages,   is  the  screen  design  capability,  the 
ability  to  construct  the  materials  interactively  on  the 
screen.     This  refers  to  both  text  and  to  the  pictorial 
material"    (Bork  and  Franklin,   1979,  11). 
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The  next  aspect  of  CAI  programs  to  be  considered  is  the 
graphic  presentation.     Bork  stated  that  he  believed  graphics 
to  be  an  important  part  of  the  learning  process  (Bork, 
1980)  . 

Caldwell  stated  in  his  specific  guidelines  for 
instructional  development,  that  an  author  should  "Use  color 
to  enhance  the  display  or  to  highlight  v7henever  possible" 
(1980  ,   8)  . 

Other  guideline  suggestions  include  "Making  lessons  as 
interactive  as  possible"    (Caldwell,   1980,   8).  "Clear, 
available,  and  complete  instructions  are  an  obvious 
necessity  in  a  good  program"    (Spitler  and  Corgan,   1979,  19). 
"Ask  questions  while  the  information  needed  to  answer  them 
is  still  on  the  screen"    (Caldwell,   1980,  19). 

The  final  remarks  on  good  software  are  about  the 
importance  of  using  student  feedback  when  debugging  the 
program.     "Student  feedback  in  the  development  is  important 
and  needs  to  be  done  often"    (Bork,   1980,   37).     "When  the 
author  finishes  the  first,  or  second,  or  the  third  edition 
of  the  program,  the  program  needs  to  be  tested  by  submitting 
it  to  small  groups.     By  taking  this  preliminary  step,  the 
author  can  easily  discern  what  the  learning  problems  are  as 
students  react  to  the  program.     Ideally,   the  author  should 
be  available  to  observe  the  students  as  they  work  with  the 
program"    (Spitler  and  Corgan,   1979,  19). 
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CAI  Studies 

Much  of  what  has  been  published  and  is  available  about 
computer  assisted  instruction  (CAI)   and  mathematics 
education  appears  to  be  rather  unrelated,  except  for  the  use 
of  a  computer.     Most  of  the  research  involved  the  use  of  a 
mini  computer  or  a  large  mainframe  computer  with  a  time 
sharing  arrangement.     Though  microcomputers  are  different, 
the  results  of  computer  assisted  instruction  should  not  be 
expected  to  differ  significantly  due  to  the  size  of  the 
computer  used  to  present  the  program.     The  important  thing 
is  the  actual  software  presentation  with  which  the  student 
interacts. 

This  review  of  computer  assisted  instruction  studies 
has  the  following  organization:  evaluations  of  particular 
software  packages,  studies  concerning  the  use  of  graphics 
and  sequencing  of  information,  studies  which  had  elementary 
or  secondary  students  as  subjects,  and  studies  which  used 
college  students  as  subjects.     in  general,  results  of  the 
studies  reviewed  do  not  form  a  consistent  pattern. 
Furthermore,  many  of  the  studies  reviewed  contain  design 
flaws  which  make  their  published  results  of  questionable 
value . 

The  first  two  studies  to  be  considered  were  large  scale 
evaluations.     Lysiak  et  al.    (1976)   wrote  the  evaluation 
reports  on  a  software  package  for  CAI  to  be  used  by  Title  I 
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students  in  Fort  Worth,  Texas.     The  team's  findings 
indicated  that  the  results  of  the  computer  assisted 
instruction  varied  from  grade  to  grade,  and  to  some  extent 
with  the  choice  of  posttest  instrument.     When  the  Measuring 
Concepts  and  Problem  Solving  parts  of  the  Iowa  Test  of  Basic 
Skills  were  used,  both  the  third  and  fourth  grade  students 
from  CAI  classes  did  better  than  students  from  the  non-CAI 
classes.     For  fifth  graders  there  was  no  difference  in 
scores.     However,  when  the  results  of  the  Stanford 
Achievement  Test,  Computation  and  Application  subtests,  were 
examined,  there  were  no  differences,  except  for  the  fourth 
graders  on  the  Applications  section;   the  non-CAI  group  had 
the  higher  scores.     There  were  also  conflicting  results  for 
the  middle  school  students.     In  all  cases  the  data  analysis 
was  done  using  an  analysis  of  covariance.     Even  though  the 
students  were  randomly  assigned  to  groups,  the  pretest 
scores  of  the  students  in  the  CAI  group  were  significantly 
higher  than  the  scores  of  students  in  the  other  group. 

In  an  evaluation  focusing  on  college  and  community 
college  CAI  programs.  Alderman,  Apple  and  Murphy  (1978) 
found  that  a  package  of  programs  to  be  used  with  the  TICCIT 
system  (TICCIT  programs)   was  effective  for  the  material 
covered,  but  that  the  students  covered  the  material  at  a 
much  slower  pace  than  did  the  groups  which  had  teachers. 
This  slow  pace  was  a  major  weakness  of  the  TICCIT  program 
and  was  especially  a  problem  in  mathematics  courses,  where 
in  some  cases  fewer  than  20%  of  the  students  enrolled  in  the 
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class  were  able  to  finish  the  material  by  the  end  of  the 
term.     Along  this  same  line,  Jones   (1978)   wrote  an 
evaluation  of  programs  designed  for  the  TICCIT  system. 
Jones'  report  pointed  out  the  same  kind  of  findings  as  v/ere 
presented  by  the  Alderman  group. 

Alderman,  Apple  and  Murphy   (1978)   also  evaluated  a 
package  of  lessons  to  be  run  on  the  PLATO  systems  at  various 
community  colleges.     The  PLATO  findings  indicated  that  there 
were  neither  differences  in  achievement  nor  in  time  needed 
to  complete  the  course  for  students  in  a  PLATO,  CAI  course, 
as  compared  to  students  in  a  traditional  teacher  taught 
class.     These  evaluations  were  of  particular  packages  of 
software  available  and  used  with  CAI.     Although  the  results 
should  not  be  generalized  outside  the  programs  evaluated, 
they  do  raise  some  questions  concerning  the  effectiveness  of 
CAI  . 

From  the  readings  concerning  the  characteristics  of 
good  software,  three  points  were  made  which  have  been 
investigated  in  experiments.     The  three  areas  involve  the 
use  of  graphics,  spacing  of  text  lines,  and  learner  control 
of  the  sequence  of  presentation  of  the  information. 

The  first  study  to  be  considered  was  done  at  an  Army 
school  using  3  programs  written  for  use  on  the  PLATO  system. 
Three  groups  of  30  enlisted  personnel  studied  the 
psychophysiology  of  audition  via  computer  assisted 
instruction.     The  three  presentations  v;ere  identical  except 
for  the  graphics  used  in  the  lessons.     There  were  three 
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levels  of  complexity  of  the  graphics  used.     The  lowest  level 
graphics  consisted  of  a  schematic  drawing  and  frames  around 
the  names  of  the  parts  of  an  ear.     The  middle  level  featured 
line  drav/ings.     The  highest  level  had  both  the  line  drawings 
and  some  animation.     The  authors  believed  that  graphics 
would  be  important  in  this  lesson,  and  they  expected  the 
achievement  scores  of  students  who  saw  the  more  complex 
graphic  presentation  to  be  higher  than  the  other  students. 
This  did  not  happen.     Neither  the  final  retention  test 
scores  nor  the  time  needed  to  complete  the  lessons  for  the 
three  groups  of  soldiers  was  significantly  different  (Moore, 
Nawrocki  and  Simutis,   1979).     These  results  cannot  be 
applied  with  any  confidence  to  other  than  military  training 
schools.     The  main  reason  for  the  lack  of  generalizability 
is  the  unusually  high  motivation  of  the  students  in  military 
training  schools.     Attending  the  school  is  their  job,  and 
future  assignments  may  be  affected  by  a  final  achievement 
test  score  or  by  class  ranking. 

When  writing  about  the  spacing  of  lines  of  text, 
previous  authors  all  recognized  that  text  must  have  some 
space  between  lines.     Often  double  spacing  lines  of  text  is 
the  only  way  to  achieve  this  spacing.     Hoover   (1977)   set  up 
an  experiment  using  volunteer  college  students  to 
investigate  the  effect  of  the  spacing  of  the  lines  of  text 
on  the  student's  reading  rate  and  comprehension.  The 
terminal  used  had  a  12  inch  diagonal  screen  which  displayed 
24  lines  of  text  with  80  characters  per  line.  One 
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presentation  had  the  lines  of  text  with  only  about  1/16  inch 
between  them.     This  was  the  "packed"  presentation.  The 
other  presentation  had  characters  on  every  other  line,  which 
the  author  considered  too  much  space  between  lines.     All  of 
the  letters  were  uppercase  in  both  presentations.  The 
results  of  this  study  indicated  no  differences  in  either  the 
student's  reading  rate  or  comprehension  due  to  the  space 
between  lines.     The  students  mentioned  that  the  "packed" 
lines  of  text  seemed  more  difficult.     Despite  this  perceived 
difference,  the  student's  performance  was  the  same  on  both 
formats   (Hoover,   1977).     These  results  support  the  idea  of 
greater  spacing  between  lines  of  text  when  possible,  as  this 
arrangement  was  perceived  as  easier  to  read.     The  other 
result  of  the  study,  at  least  for  college  students,   is  that 
if  spacing  the  lines  of  text  is  not  practical,  then  the 
student's  ability  to  read  and  comprehend  the  text  should  not 
be  adversely  affected  due  to  the  lack  of  space  between 
lines . 

Two  studies,  both  by  Lahey   (1978  and  1979) ,  at  the 
Naval  Personnel  Research  and  Development  Center,  examine 
sequence  of  presentation  and  learner  control  of  the 
instructional  presentation.     Both  studies  used  enlisted  Navy 
personnel  attending  the  Basic  Electricity/Electronics 
School.     The  first  study  investigated  the  effects  of  amount 
of  control  over  sequence  of  topics  on  achievement  test 
scores.     The  students  were  assigned  to  one  of  three  groups. 
The  learner  control  group  students  could  choose  from  any 
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topic  on  a  menu.     They  were  allowed  to  repeat  a  topic  if 
desired.     The  second  group  was  called  the  guided  learning 
group.     This  group  was  also  allowed  to  choose  from  a  menu  of 
topics,   but  an  arrow  prompt  showed  the  suggested  next  topic, 
based  on  past  performance.     The  third  group  was  the 
programed  control  group.     All  of  the  students  in  this  group 
started  together  and  were  automatically  branched  according 
to  their  performance.     Each  topic  had  a  rule,  examples,  and 
a  practice  lesson.     The  recommended  sequence  was  to  do  first 
the  rule,  then  the  examples,  and  then  the  practice.  The 
students  in  the  two  groups  which  could  choose  from  the  menu 
were  not  required  to  follow  this  pattern,  and  those  in  the 
learner  control  group  were  not  informed  of  this  recommended 
sequence.     Results  of  the  achievement  test  scores  showed  no 
significant  differences.     Lahey  noticed,   however,  that 
students  in  the  two  groups  which  had  control  of  the  sequence 
made  more  responses  on  two  of  the  four  units  covered. 
(Lahey,  1978) 

In  his  other  study  Lahey   (1979)    investigated  four 
sequences  of  presentation  of  information  to  be  learned. 
These  sequences  were: 

1.  Rule  -  Examples  -  Practice 

2.  Examples  -  Rule  -  Practice 

3.  Practice  -  Examples  -  Rule 

4.  Random  Sequence  -  each  lesson  followed  one  of  the 
sequences,   1,   2  or  3  from  the  above  list. 

Each  group  had  nine  students  and  worked  three  lessons.  The 


results  of  the  achievement  test  given  indicated  that  the 
sequence  had  no  effect  on  the  achievement  test  scores. 

The  students  in  both  of  these  last  two  studies  v.'ere 
naval  personnel  receiving  training.     The  same  restrictions 
on  generalizing  the  results  of  these  studies  outside  the 
military  training  schools  should  be  applied. 

The  next  group  of  studies  to  be  reviewed  are  those 
which  used  elementary  or  high  school  students  as  subjects. 

In  a  study  with  fourth  grade  students  as  subiects, 
Roman   (1975)   found  that  the  group  of  students  which  used  his 
word  problem  program  on  a  computer  scored  higher  than  the 
group  which  received  only  his  regular  classroom  instruction. 
All  students  received  the  the  regular   instruction,  which 
placed  added  emphasis  on  solving  word  problems.  The 
Applications  subtest  of  the  Stanford  Achievement  Test  was 
used  to  measure  the  ability  of  the  students  to  do  word 
problems.     The  results  of  the  posttest  showed  that  those 
students  who  worked  his  CAI  program  had  scores  which  v/ere 
superior  to  those  of  the  other  students   (Roman,  1975) .  Due 
to  the  design  of  this  experiment,  the  computer  group 
received  extra  instruction  on  solving  problems.     Thus  the 
computer  group  should  have  been  expected  to  do  better.  Due 
to  the  design  of  this  experiment  the  observed  differences 
may  have  been  due  to  the  added  instruction  received  by  the 
computer  group,  and  not  just  Roman's  word  problem  program. 
While  his  program  was  better  than  no  instruction,   it  can 
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hardly  be  considered  evidence  that  computer  assisted 
instruction  was  of  any  effect  on  the  final  scores. 

The  other  study  used  fourth,   fifth  and  sixth  qrade 
students,  some  of  whom  worked  orograras  on  the  PLATO  system 
for  a  half  hour  "add-on"  to  their  regular  mathematics 
instruction.     The  California  Test  of  Basic  Skills  was  used 
for  both  a  pretest  in  the  Fall  and  the  Dosttest  in  the 
Spring.     The  results  showed  greater  gains  made  by  the 
computer  group   (Davis,  1980).     The  paper  does  not  explain 
what  the  other  students  not  involved  with  the  computer  v.'ere 
doing  for  that  half  hour  daily  period  of   time.     In  addition, 
the  statistical  test  used  to  determine  that  the  two  groups 
differed  was  not  reported. 

The  next  three  studies  all  feature  high  school  stuaents 

as  the  subjects.     In  British  Columbia,  Robitaille,  Sherrill 

and  Kaufman  studied  ninth  grade  algebra  students  at  two 

schools.     Each  school  had  three  classes  involved.     One  class 

used  the  computer  in  class  for  the  entire  time.     The  second 

class  used  the  computer  for  the  first  third  of  the  time,  and 

the  third  group  did  not  use  a  computer  at  all. 

The  three  classes  in  each  school  studied  the 
same  mathematics  content  during  the  evaluation, 
using  a  contemporary  algebra  text.     The  computer 
and  partial  computer  groups  were  taught  Basic  as  a 
programing  language,   and  usea  this  language  to 
write  and  run  computer  programs  on  topics  studied 
in  their  algebra  classes.    (Robitaille,  Sherrill 
and  Kaufman,   1977,  28) 

For  both  schools  the  no  computer  group  scored  higher  in 

mathematics  achievement.     One  school  had  a  different  teacher 
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for  the  non  computer  group,  but  no  attempt  to  control  for 
teacher  differences  was  made.     The  other  school  had  the  same 
teacher  for  all  three  classes  involved.     The  authors  do  not 
mention  the  portion  of  time  spent  doing  computer  programs 
and  learning  Basic,  rather  than  algebra  instruction.  In 
this  case  learning  about  the  computer  and  its  language  seems 
to  have  interfered  with  learning  basic  algebra  skills. 

In  a  somewhat  similar  study,   a  group  in  Israel  worked 
with  slow  students  in  tenth  grade  mathematics.  These 
students  spent  about  one  half  hour  per  week  doing  algebra 
drill  exercises  on  a  computer.     At  the  same  time  the 
remaining  students  were  taught  computer  programing  in  APL. 
The  results  showed  that  the  slower  students'   grades  in 
mathematics  improved,  as  expected.     The  grades  of  the  rest 
of  the  class  seemed  to  be  unaffected  by  learning  APL  (Menis, 
Snyder  and  Ben-Kohav,   1980)  . 

Again  at  the  high  school  level,  the  Florida  State 
University  PLATO  Project  demonstrated  that  CAI  drill  and 
practice  programs  can  be  effective  for  remedial  mathematics 
students —  those  who  have  failed  the  State  Assessment  Test 
(Poore,  et  al .   1979).     The  students  involved  in  this 
experiment  received  both  classroom  instruction  and  CAI  with 
the  PLATO  system.     The  results  indicated  that  the  more  hours 
a  student  used  the  computer  drill  exercises,  the  greater  the 
achievement  gains. 

Burns  and  Bozeman   (1981)   did  a  synthesis  of  reviev/s  of 
research  with  both  elementary  and  high  school  students. 
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Both  tutorial  and  drill  programs  were  involved.     While  this 

review  is  current,  1981,  the  most  recent  studies  were 

published  in  1978.     The  results  of  their  synthesis  indicated 

two  positive  aspects  of  CAI  with  school  children. 

CAI  drill  and  practice  programs  were 
significantly  more  effective  in  promoting 
increased  student  achievement  at  both  the 
elementary  and  secondary  instructional  levels  and 
among  highly  achieving  and  disadvantaged  students 
as  well  as  among  students  whose  distinct  ability 
levels  had  not  been     differentiated  by  the 
original  researchers.     The  achievement  of  average 
level  students  was  not  enhanced  by  supplimentary 
drill/practice  CAI.      (Burns  and  Bozeman,   1981,  37) 

Burns  and  Bozeman  chose  not  to  mention  or  identify  the 

type  of  drill  and  practice  program,   if  any,   those  students 

not  in  the  CAI  group  worked.     There  is  a  comparison  betv;een 

a  CAI  program  and  an  unknown.     The  other  result,  again 

without  identifying  the  type  of  instruction  given  non-CAI 

students  was 

Tutorial  CAI —  supplemented  instruction  was 
significantly  more  effective  in  promoting 
increased  mathematics  achievement  among  students 
at  both  elementary  and  secondarv  instructional 
levels,  among  disadvantaged  students,  and  with 
respect  to  instances  in  which  study  summaries  did 
not  report  findings  pertaining  to  particular 
student  ability  levels.    (Burns  and  Bozeman,  1981, 
37) 

Many  research  studies  have  been  carried  out  v/hich  have 
college  students  as  the  subjects.     These  studies  form  a 
major  part  of  this  review,  as  this  study  used  college 
students  as  the  subjects.     Since  the  subjects  were  all 
college  students,  the  results  of  the  studies  should  be  able 


to  be  generalized  to  other  groups  with  similar  backgrounds. 
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The  results  of  the  studies  included  here  cannot  be  easily 
summarized  because  there  is  not  a  consistent  pattern  in  the 
findings.     One  reason  for  the  variety  of  results  might  well 
be  the  differences  in  experimental  designs  used.  Several 
studies  will  be  reviewed.     Most  of  them  compare  some  aspect 
of  computer  assisted  instruction  and  traditional  lecture 
methods  of  instruction. 

In  a  study  from  West  Germany,  Kurz,  Eggensperger  and 
Voss   (1978)   reported  that  engineering  students  v/ho  received 
computer  and  media  instruction  in  areas  of  mathematics  and 
physics  had  higher  or  as  high  achievement  scores  as  students 
in  a  traditional  lecture  class  covering  the  same  material. 
A  major  weakness  in  the  study  was  that  only  the  mean  scores 
of  the  groups  were  reported.     There  was  no  statistical 
analysis  to  determine  the  significance  of  the  small 
difference  in  group  mean  scores  reoorted. 

Another  study  found  no  significant  differences  in 
achievement  between  two  groups  of  geography  students.  One 
group  had  a  traditional  lecture  presentation,  while  the 
other  group  played  a  simulation  game,  which  required  use  of 
the  same  geographical  concepts  as  covered  in  the  lectures 
(Ellinger  and  Frankland,  1976). 

College  students  taking  organic  chemistry  were  divided 
into  two  groups.     One  group  got  a  traditional  three  lecture 
unit,  while  the  experimental  group  got  a  modified  program. 
The  modified  program  was  two  lectures  and  a  computer  module 
discussion.     There  were  no  significant  differences  in  the 
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achievement  scores  between  the  two  groups   (CuId,  Stotter  and 
Gilbert,   1973).     The  authors  mentioned  having  some  problems 
with  both  the  hardware  and  the  software  during  the  CAI 
lesson.     The  major  software  complaint  was  that  not  all 
correct  answers  were  judged  as  correct  by  the  computer 
program.     Considering  the  small  amount  of  computer  assisted 
instruction  attempted,  and  the  problems  experienced,  a 
finding  that  the  experimental   (CAI)   group  had  higher 
achievement  scores  would  have  been  a  surprise. 

Axteen   (1967)   authored  a  program  to  be  used  on  the 
PLATO  system  which  taught  undergraduate  students  how  to  use 
the  library.     Two  groups  were  formed  for  this  experiment. 
One  group  worked  the  programs  on  the  PLATO  system,  while  the 
other  group  received  the  same  information  from  a  lecture. 
The  results  indicated  that  while  both  groups  gained 
knowledge,  there  was  no  significant  difference  as  to  the 
amount  of  knowledge  gained.     Axteen  noted,  however,  that  the 
CAI  group  covered  the  material  faster  than  the  lecture  group 
(Axteen,   1967)  . 

So  far,  the  results  have  consistently  shown  no 
significant  difference  in  achievement  between  CAI  and 
traditional  lecture  teaching.     The  next  group  of  studies 
indicate  that  in  some  cases  the  CAI  group  did  significantly 
better  than  the  traditional  group. 

In  the  nursing  program  at  the  University  of  Calgarv,  35 
students  were  randomly  assigned  to  either  a  CAI  class  or  a 
lecture  class.     Hannah   (1978)   wrote  the  CAI  software  so  that 
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the  same  approach  would  be  used  in  both  groups.  The 
traditional  group  received  a  lecture  and  discussion  with 
slides  and  illustrated  diagrams.     The  CAI  group  saw  the  same 
materials  in  a  tutorial  program  and  a  situation  simulation 
exercise  with  corrective  feedback  to  an  incorrect  response. 
Those  students  in  the  CAI  group  scored  significantly  better 
on  the  posttest  than  the  other  group  of  students  (Hannah, 
1978)  . 

In  a  study  to  compare  computer  assisted   instruction  and 
class  instructional  approaches  to  improving  studv  skills, 
three  groups  of  undergraduate  psvchology  students  were 
formed.     One  group  was  given  study  guides,  class  discussion 
and  instruction  in  study  skills.     The  second  grouo  worked 
through  a  CAI  lesson  on  stuay  skills.     The  third  group 
received  no  instruction  at  all.     The  results  of  a  100  item 
survey,  which  was  a  self-report  inventory,  showed  that 
students  in  the  first  group  improved;   the  students  in  the 
second  group   (CAI)   were  much  improved;   and  students  in  the 
last  group,  who  received  no  instruction,  did  worse 
(Gadzella,   1980).     A  problem  in  using  these  results  is  that 
the  terms,   improved  and  much  improved,  were  not  quantified. 
In  addition,  a  100  question  self-report  survey  on  study 
skills  may  have  questionable  reliability. 

Tsai  and  Pohl   (1977)   found  that  college  students  in  a 
computer  programing  class,  who  received  instruction  via  CAI 
or  a  combination  of  CAI  and  lectures,  learned  more  than 
those  students  who  received  lectures  only   (Tsai  and  Phol, 
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1977).     Considering  the  course  was  in  computer  programing, 
those  students  who  actually  worked  with  the  com.puter  should 
be  expected  to  do  better  than  those  students  who  just 
attended  the  lectures. 

Sherman   (1975)   developed  a  CAI  program  to  assist 
physical  science  students  with  poor  mathematics  backgrounds. 
The  students  who  had  the  CAI  review  did  perform  better  than 
those  students  who  received  their  review  in  a  lecture  format 
with  an  instructor.     The  basis  for  this  comoarison  was  some 
kind  of  transfer  of  learning  test.     Sherman  does  not  mention 
what  instrument  was  used  to  measure  this  transfer  of 
learning.     In  addition,  Sherman  noted  that  after  returning 
to  the  physical  science  class,  these  students  demonstrated 
no  lasting  effect  from  their  mathematics  tutoring. 

Using  a  tutorial  program  which  he  authored  for  use  on 
the  PLATO  system,  Magidson   (1975)   taught  his  students  at  a 
community  college  in  Chicago  the  same  information  as  was 
provided  in  their  normally  used,  programed  instruction 
booklets.     The  students  were  from  an  economics  class  at  the 
community  college.     The  unit  used  for  the  study  was  called 
the  "Ideological  Spectrum."     Although  he  does  not  use  the 
term,  the  course  was  designed  for  "Mastery  Learning."  Thus 
not  finding  a  significant  difference  in  achievement  between 
the  two  groups  should  have  been  expected.     Still,  Magidson 
noted  that  several  of  the  students,  particularly  those  of 
lower  ability,  who  used  the  booklets,  did  very  poorly 
compared  to  the  PLATO  group.     His  explaination  for  this 
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observed  difference  was  that  perhaps  the  computer  group  had 

a  more  involving  interaction  with  the  instructional 

material.     One  cannot  just  go  through  the  motions  as  easilv 

with  a  computer  as  with  a  programed  instruction  booklet. 

A  team  from  the  University  of  Michigan  reviewed  59 

experiments  involving  computer  assisted  instruction,  v/ith 

college  students  as  the  subjects.     Onlv  studies  which 

reported  quantitively  measured  outcomes  for  both  qrouos  and 

were  free  from  crippling  methodological  flav;s  were  used. 

The  most  recent  of  the  studies  reviewed  was  1978.     While  the 

term  computer  assisted  instruction  has  been  written  as  CAI , 

these  authors  use  CBI  to  represent  computer  based 

instruction.     The  two  terms  are  often  interchanged  from 

author  to  author.     The  findings  of  those  54  studies  which 

could  be  analyzed  were 

In  37  of  the  54  studies  CBI  examination 
performance  was  superior  to  examination 
performance  in  conventional  clases;   17  studies 
favored  conventional  instruction.     Fourteen  of  the 
54  comparisons  reported  statistically  significant 
differences  between  teaching  methods.     Results  of 
13  of  those  studies  favored  CBI,  and  the  results 
of  one  study  favored  conventional  instruction. 
(Kulik,  Kulik  and  Cohen,   1980,   p. 534) 

While  implied,  the  other  conclusion  must  then  be  that  40  of 

the  54  studies  reviewed  resulted  in  no  statistical 

differences  in  achievement  test  scores. 
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Teaching  Models 

The  models  of  instruction  used  in  the  presentation  of 
the  lesson  about  parallelograms  are  based  upon  the  two 
sources  cited  in  this  section.     At  the  beginning  of  the 
lesson  the  concept  of  parallelogram  was  taught  using  a 
concept  attainment  exercise.     The  other  properties  and 
relationships  of  sides  and  angles  of  parallelograms  were 
presented  using  deductive  approaches  which  are  recommended 
for  use  with  secondary  mathematics  students. 

The  concept  attainment  mode  of  instruction  was 
developed  by  Joyce  and  Weil   (1972)   from  the  works  of 
Brunner,  Goodnow  and  Austin.     The  key  aspect  of  the  model  is 
presenting  both  examples  and  non-examples  of  the  particular 
concept  being  taught.     In  this  way  the  students  then 
identify  the  characteristics  which  make  the  objects  being 
considered  either  examples  of  or  non-examples  of  the  concept 
being  presented.     After  the  examples  and  the  non-examples 
have  been  examined  and  classified,  the  students  are 
presented  with  additional  objects,  and  asked  to  classify  the 
new  object  as  either  an  example  of  or  not  an  example  of  the 
concept  being  considered.     When  the  students  can  correctly 
classify  the  objects  as  being  an  examples  of  or  not  examples 
of  the  concept,  then  they  are  said  to  have  attained  that 
concept.     The  students  should  be  able  to  list  the  atributes 
of  objects  which  are  examples  of  the  concept,   and  to  v;rite, 
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in  their  own  words,  a  definition  of  the  concept  beinq 
taught . 

Cooney,  Davis  and  Henderson   (1975)   provide  several 
strategies  which  can  be  used  in  teaching  mathematics  to 
secondary  students.     The  following  strategies  are  employed 
in  the  teaching  about  properties  of  parallelograms,  after 
the  definition  of  parallelogram  has  been  covered.  Defining 
and  giving  examples  is  an  inportant  strategy.     Using  this 
strategy,  a  teacher  could  say  that  parallelograms  have 
opposite  sides  parallel.     Then  students  would  look  at 
examples  of  parallelograms  concentrating  on  the  opposite 
sides.     Another  move  might  be  teaching  a  sufficient 
condition,  again  followed  by  examples.     For  example,   if  a 
figure  is  a  square,   then  we  know  that  it  must  be  a 
parallelogram.     Finally,  when  asking  for  a  student  reply,  an 
erroneous  answer  might  be  corrected  indirectly  by  presenting 
the  student  with  a  counterexample.     Suppose  that  the  student 
replies  that  diagonals  of  all  parallelograms  bisect  the 
angle  formed  by  adjacent  sides.     Being  shown  a  rectangle 
with  length  five  times  the  width,  with  its  diagonals  drawn, 
would  show  the  student  that,  at  least  in  this  case,  the 
diagonal  would  not  bisect  the  angle  formed  by  adjacent 
sides . 

The  models  of  instruction  reviewed  here  v/ere  used  in 
the  lesson  taught.     Since  the  models  are  recommened  for 
secondary  students,  they  should  be  suitable  for  the  college 
students  who  participated  in  this  study. 
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Conclusion 


While  impossible  to  make  a  general  and  inclusive 
summary  of  previous  studies,  two  points  need  to  be 
addressed.     First,  there  is  no  clear  pattern  of  computer 
assisted  instruction,  consistently  resulting  in  higher 
achievement  test  scores.     There  are,  however,  enough  studies 
in  which  the  CAI  group  achieved  significantly  higher 
posttest  scores  to  prevent  a  sweeping  no  significant 
difference  generalization.     There  was  no  clear  indication  of 
the  effect  of  computer  assisted  instruction  as  compared  to 
traditional  teaching  methods,  usually  lecture.  The 
effectiveness  of  computer  assisted  instruction  may  reflect 
to  a  large  extent  the  program  used.     The  second  point  is 
that  of  the  studies  reviewed,  several  had  serious  design 
flaws,  and  many  had  confounding  variables  which  were  not 
controlled.     The  result  of  these  problems  is  a  body  of 
research  findings  which  are  of  questionable  value.  Such 
studies  may  not  show  anything  of  value.     Clearly,  more 
studies  are  needed  in  the  area  of  computer  assisted 
instruction.     The  future  studies  must,  however,  be  better 
designed  and  do  a  better  job  of  controlling  for  the  effects 
of  different  teachers  and  different  amounts  of  instruction 
provided  to  the  treatment  groups  participating  in  the 
studies . 


CHAPTER  III 
DESIGN 

This  chapter  has  three  components.     The  first  component 
is  the  experimental  design  of  the  study.     The  second 
component  is  a  description  of  the  students  who  were  the 
subjects  of  the  study.     The  third  component  presents  the 
development  of   the  pretest,   aaministrative  procedures 
followed,  development  of  the  posttest,  and  the  developm.ent 
of  the  computer  assisted  instruction  lesson  used  in  this 
study. 

The  experimental  design  used  in  this  study  was  a 
"Posttest-only  Control  Group  Design"      (Campbell  and  Stanley, 
1963,  25) 

Participating  students  were  randomly  assigned  to  an 
instructional  group.     The  exper  im.ental  group  received  the 
CAI  presentation,  while  the  teacher  group  was  the  control. 
Both  groups  received  the  same  posttest.     The  score  on  the 
posttest  was  the  measure  of  achievement  used  in  the  study. 

Students 

The  students  who  participated  in  this  study  were 
pre-service  elementary  teachers  attending  the  University  of 
Florida  during  the  Spring  and  the  first  Summer  Term  of  1982. 
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Three  of  the  classes  used  were  Childhood  Education  Program 
(CEP)  mathematics  classes.     The  other  class  was  an  art  for 
Elementary  Teachers  class.     These  students  were  preparing  to 
get  elementary  teaching  certificates;  many  had  already 
received  degrees  in  areas  other  than  education  and  were 
coming  back  to  become  certified  to  teach  elementary  school. 

Instrument  Development 

There  are  three  instruments  to  be  considered:  the 
pre-test,  the  posttest,  and  the  computer  assisted 
instruction  lesson.     The  administrative  procedures  followed 
are  also  included  in  this  section. 

The  pre-test  was  developed  for  this  study,  and  was 
reviewed  by  persons  with  mathematics  education  backgrounds, 
who  were  familiar  with  the  content  of  the  lesson  to  be 
taught,  and  the  students  involved  in  this  study.  The 
pre-test  contained  four  question  areas.     The  first  showed 
sixteen  geometric  figures.     Eight  of  the  figures  were 
parallelograms  and  eight  were  not  parallelograms.  The 
students  were  to  circle  each  figure  that  was  a 
parallelogram.     This  question  was  designed  in  order  to 
identify  students  who  were  not  able  to  correctly  identify 
the  parallelograms,  which  were  mixed  with  other  figures.  Of 
particular  interest  were  the  figures  which  are  special  cases 
of  parallelograms:   the  rectangles  and  squares. 
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The  second  question  simply  asked  students  to  write  the 
number  of  sides  a  parallelogram  has.     This  question  was 
included  as  a  follow-up  to  see  if  students  who  circled 
hexagons  or  octagons  in  question  one  would  put  four  as  the 
answer  in  question  two. 

The  third  question  asked  students  to  draw  three 
different  types  of  parallelograms.     The  purpose  of  this 
question  was  to  investigate  what  students  who  did  not 
identify  rectangles  and  squares  as  parallelograms  would  draw 
as  different  types  of  parallelograms. 

The  fourth  question  showed  a  trapezoid.     The  students 
were  to  draw  the  diagonals  of  the  trapezoid.     The  purpose  of 
this  question  was  to  identify  which  students  had  an 
understanding  of  what  a  diagonal  of  a  quadrilateral  was. 
There  was  a  small  square  drawn  below  the  figure  with  the 
following  directions:   "Check  here  if  you  don't  know  what  a 
diagonal  is."     This  check  box  provided  students  an 
opportunity  to  indicate  that  they  did  not  know  what  a 
diagonal  was,  rather  than  to  blindly  guess. 

Students  were  included  in  or  excluded  from  the  study 
based  on  their  performance  on  this  pre-test.     Questions  one 
and  four  were  expected  to  be  the  questions  which  would 
discriminate  between  students  who  already  knew  the  concepts 
being  studied  from  those  who  did  not  know  them.  This 
pre-test  was  designed  to  identify  those  students  who  did  not 
already  know  the  concepts  being  taught. 
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All  of  the  students  in  the  participating  classes  took 
the  pre-test   (Appendix  B) .     Those  students  who  were  not  able 
to  correctly  answer  the  pre-test  questions,  specifically, 
questions  one  or  four,  were  considered  the  students  who  did 
not  already  know  the  concepts  taught  in  the  parallelogram 
lesson. 

The  lesson  was  designed  as  a  tutorial  lesson,  rather 
than  a  review  for  some  students  and  new  material  for  others. 
Each  of  the  participating  students  was  studying  concepts  and 
relationships  which  that  student  did  not  know  previously. 
These  students  were  randomly  assigned  to  one  of  two 
treatment  groups.     The  first  group  was  called  the  CAI  group, 
because  that  group  received  the  computer  assisted 
instruction  presentation.     The  other  group  saw  the  same 
information,  presented  with  the  same  teaching  models,  but 
presented  by  a  teacher.     All  of  the  teacher  groups  had  the 
same  teacher  for  the  lesson,  even  though  each  class  had  a 
different  regular  instructor.     Those  students  who  correctly 
answered  the  first  and  fourth  questions  were  not  included  in 
this  study.     These  were  only  questions  considered  in 
determining  which  students  were  included  in  the  study, 
because  the  second  and  third  questions  did  not  discriminate 
students  who  correctly  answered  qestions  one  and  four  from 
students  who  did  not.      However,  the  students  not  included 
in  this  study  participated  in  all  aspects  of  the  study  with 
the  rest  of  their  class.     These  students  were  not  told  that 
their  posttest  scores  would  not  be  analyzed. 
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One  week  after  the  instruction  about  parallelograms, 
all  students  took  a  posttest   (Appendix  C) ,     The  score  from 
this  posttest  was  used  as  the  measure  of  achievement.  In 
addition,  the  mathematics  background  of  the  students  was 
examined  by  comparing  the  grades  they  received  in  the  course 
MAE  3811,  Mathematics  for  Elementary  Teachers  2.  This 
course  was  the  only  mathematics  course  common  to  all  of  the 
participating  students.     Thus,   it  was  chosen  as  the  measure 
of  mathematical  background.     The  data  collected  were 
separated  according  to  the  regular  classroom  instructor, 
until  after  the  analysis  was  completed. 

The  posttest  was  written  for  this  study,  and  was 
reviewed  by  persons  with  mathematics  education  backgrounds, 
who  were  familiar  with  the  content  of  the  lesson  taught  and 
the  students  involved  in  this  study.     The  posttest  was 
administered  one  week  after  the  instruction,  during  the 
students'   regular  class.     The  test  was  organized  into  five 
sections . 

Section  one  was  the  same  sixteen  figures  from  the 
pretest,  with  the  same  directions:  circle  each 
parallelogram.     These  problems  were  scored  one  point  for 
each  parallelogram  correctly  identified.     One  point  was 
deducted  for  each  parallelogram  not  circled  or  for  each  non 
parallelogram  figure  which  was  circled. 

Section  two  contained  twenty-five  statements.  The 
students  were  to  respond  that  each  statement  was  always 
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true,  sometimes  true  or  never  true.     These  problems  were 
scored  one  point  for  each  correct  response. 

The  third  section  simply  asked  students  to  write  a 
definition  of  a  parallelogram.     The  definition  was  scored  as 
follows:  one  point  for  including  four  sides,  and  one  point 
for  including  opposite  sides  are  parallel.     One  point  was 
deducted  for  any  extra  information  which  was  not  true  for 
all  parallelograms. 

Part  four  asked  students  to  respond  to  five  questions 
about  a  given  parallelogram,  which  was  drawn  next  to  the 
questions.     The  students  were  to  identify  particular  parts 
of  the  given  parallelogram.     These  questions  were  scored  one 
point  for  each  correct  response. 

The  fifth  and  final  section  of  the  posttest  shows  a 
parallelogram  with  the  four  interior  angles  numbered   (1-4) . 
There  were  ten  questions  about  the  relationships  of  the 
interior  angles  of  parallelograms.     The  questions  were  in  a 
form  like  the  lesson  used  in  presenting  new  information. 
The  students  were  not  taught  the  relationships  covered  in 
section  five.     Rather  this  section  was  included  as  an 
indication  of  how  the  students  would  generalize  from  the 
relationships  which  they  had  studied  to  new,  but  related 
relationships . 

The  computer  assisted  instruction  lesson  was  written 
using  the  Apple  Pilot  language.       The  program  was  designed 
to  be  used  with  pre-service  elementary  teachers,   based  on 
previous  observations  of  these  student's  general  lack  of 
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understanding  of  special  cases  of  parallelograms.  An 
important  aspect  of  the  program  design  was  to  use  a  concept 
attainment  model  of  instruction  for  developing  the  concept 
of  parallelogram. 

The  program  started  by  asking  the  student  to  type  in 
his  or  her  name.     The  student  was  called  by  the  name 
provided  throughout  the  lesson.     The  goals  of  the  lesson 
were  presented  in  very  general  terms  to  the  student  at  the 
beginning  of  the  lesson. 

The  first  tutorial  section  of  the  program  was  the 
concept  attainment  portion  of  the  lesson.     A  graphic  display 
of  a  vertically  split  screen  showed  examples  of 
parallelograms  on  the  left  and  figures  which  are  not 
parallelograms  on  the  right.     A  double  line  separated  the 
two  sets  of  figures.     When  the  student  indicated  that  he 
wanted  to  go  on,  he  was  presented  with  an  option  question. 
The  student  could  choose  to  see  another  display  of  examples 
or  non-examples  of  parallelograms  or  he  could  advance  to  the 
next  section.     Only  in  this  second  set  of  examples  of 
parallelograms  and  non-examples  were  rectangles  and  squares 
shown  as  examples  of  parallelograms. 

At  this  point  in  the  lesson,  the  student  has  seen  the 
examples  and  non-examples  of  parallelograms,  and  the  student 
should  be  ready  to  begin  classifying  figures  as 
parallelograms  or  not  parallelograms  on  the  basis  of  the 
characteristics  of  the  figures  previously  shown.     The  first 
two  figures  shown  were  both  parallelograms.     The  student  was 
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to  respond  with  an  answer  of  ves  or  no  to  the  question:  "Is 
this  figure  a  paralleloqr am? "     The  answer  was  then  judged, 
and  if  correct,   "Right,"  was  printed  on  the  screen  along 
with  a  short,  high  pitched  sound,  which  provided  an  auditory 
cue  that  the  response  was  correct.     Then  the  next  figure  was 
presented  to  the  student.     If,  at  any  time  during  the 
lesson,  the  answer  was  wrong,  a  longer  and  lower  sound  was 
made  and  a  message  which  directed  the  student's  attention  to 
the  probable  characteristic  which  was  not  understood  was 
displayed  on  the  screen.     For  example,   if  a  student 
responded  that  a  rectangle  was  not  a  parallelogram,  the 
response  would  indicate  that  the  figure  was  a  rectangle. 
Then  the  characteristic  of  four  sides,  with     sides  arranoed 
like  those  in  the  examples  of  parallelograms,  would  be 
mentioned . 

After  the  student  had  seen  the  first  two  figures,  an 
option  was  given  to  go  back  and  see  examples  of  figures 
which  are  parallelograms  and  ones  which  are  not 
parallelograms  or  continue  the  lesson.     This  branching 
allows  a  student  who  made  errors  in  identification  of  the 
figures  to  go  back  for  more  help.     The  examples  provided  at 
the  beginning  of  the  lesson  were  accessible  at  various 
points  through  out  the  concept  attainment  part  of  the 
lesson . 

The  next  two  figures  shown  were  both  not 
parallelograms.     The  first  of  the  two  was  a  triangle,  and 
the  next  a  trapezoid.     The  same  feedback  was  provided  after 
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each  response  was  judged.     Following  these  two  figures,  the 
student  was  given  another  opportunity  to  either  see  the 
examples  or  go  on.     The  next  three  figures  shown  were  a 
rectangle,  a  hexagon  with  opposite  sides  parallel,  and  a 
rhombus.     Again  each  answer  was  judged,   and  the  appropriate 
feedback  given.     Following  these  three  figures,  the  student 
was  given  one  last  chance  to  go  back  to  see  the  examples  and 
non  examples  of  parallelograms.     This  marked  the  end  of  the 
classification  of  figures  section. 

The  students  were  then  reminded  that  they  were  to  have 
been  thinking  about  a  definition  of  parallelogram.  They 
were  then  to  compare  their  definition  to  the  one  provided  by 
the  program.     The  program  displayed  the  definition  of  a 
parallelogram  on  command. 

While  writing  the  program  an  attempt  was  made  to  have 
students  type  in  their  definition.     The  computer  would  then 
store  their  definition  as  a  string  variable,  and  then 
display  the  student's  definition  and  the  program  definition 
together  on  the  screen  so  that  the  student  could  see  both  of 
them  at  the  same  time.     The  Apple  Pilot  language  will  store 
string  variables  of  up  to  250  characters.     However,  the 
Apple  Pilot  language  will  only  accept  an  input  string  of  80 
characters  at  a  time.     Concatenating  three  variables  into  a 
single  variable  is  very  easy,  but  the  directions  to  the 
students  concerning  how  they  were  to  enter  their  definitions 
was  too  cumbersome,  and  would  detract  from  the  definition 

itself.     The  idea  of  having  students  type  in  their 
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definitions  was  just  not  practical,  and  was  not  used  in  the 
program. 

The  next  part  of  the  program  presented  the  students 
with  special  cases  of  parallelograms.     The  students  were  not 
told  that  the  figures  were  parallelograms,  but  were  asked  to 
classify  them  as  such.     The  three  sets  of  figures  used  were 
rectangles,  rhombi,  and  squares.     Students  were  first  asked 
to  classify  each  of  the  figures  as  a  parallelogram.  Then 
students  were  to  generalize,  and  were  asked  if  all  figures 
of  that  particular  type  were  parallelograms.  The 
relationship  of  the  given  figure  to  parallelograms  was 
reviewed  for  each  type  of  figure  separately.     For  example, 
students  were  informed  that  all  rectangles  are 
parallelograms,  but  not  all  parallelograms  are  rectangles. 
In  addition,  squares  were  classified  as  special  cases  of  all 
of  the  other  figures:  parallelogram,  rectangle,  and  rhombus. 
This  area  of  special  cases  was  included  because  students  in 
the  Childhood  Education  Program  mathematics  classes  in  the 
past  have  demonstrated  a  lack  of  understanding  concerning 
these  relationships. 

The  next  topic  in  the  program  featured  the  sides  and 
notation  used  to  name  parallelograms.     A  parallelogram  with 
verticies  labled  a,   b,  c,  d  was  shown.     The  example  had 
opposite  sides  the  same  color;  one  set  was  green  and  the 
other  set  was  violet.     The  colors  were  used  as  indicators  of 
opposite  sides.     Students  were  asked  to  identify  the  side 
opposite  from  a  given  side.     The  answers  were  judged,  and 
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feedback  was  provided  in  the  same  way  as  during  the 
classification  section.     Students  were  also  introduced  to 
the  term  adjacent  sides,  using  this  same  example.     In  all  of 
the  judging  of  the  answers,  the  program  judged  a  response  of 
ab  or  ba  to  be  the  same  line  segment,  and  gave  specific 
feedback  when  expected  errors  were  made.     For  example,  if  an 
oposite  side  was  given  when  an  adjacent  side  was  the  correct 
response,  the  message  to  the  student  would  indicate  that  the 
answer  given  was  the  opposite  side,  not  the  adjacent  one. 

The  next  part  of  the  lesson  developed  diagonals.     A  new 
example  parallelogram  e,  f,  g,  h  with  the  diagonals  drawn 
was  shown.     The  students  were  then  asked  about  the 
possibility  of  other  diagonals  in  the  figure.     This  section 
was  to  illustrate  the  concept  of  diagonal.     Then  a  new 
figure,  parallelogram  w,  t,  x,  y  was  shown,  and  the  students 
were  asked  which  of  the  verticies  to  connect  in  order  to 
draw  the  diagonals.     These  points  were  to  be  entered  one 
pair  at  a  time.     When  a  response  was  correct,  the  program 
drew  that  diagonal  in  the  example  immediately.     The  student 
was  then  asked  for  the  other  diagonal.     Should  the  student 
fail  to  identify  the  two  diagonals  after  four  tries,  the 
answer  would  be  given,  and  the  student  would  be  branched 
back  to  go  through  the  development  of  diagonals  again.  Upon 
completion  of  this  section  the  student  should  have  developed 
the  concept  of  diagonal. 

The  final  section  of  the  lesson  concerned  properties  of 
the  diagonals  of  parallelograms.     The  figure  shown  was  a 
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rhombus  k,  j,  p,  q.     A  rhombus  was  the  choice  for  the  figure 
because  all  of  the  special  relationships  of  diagonals  to  be 
covered  are  true  for  a  rhombus,  but  not  all  are  true  of 
parallelograms  in  general.     For  each  property  considered, 
the  students  were  asked  if  the  property  was  true  for  the 
parallelogram  shown:   it  was.     Then  the  students  were  asked 
if  the  property  would  be  true  for  all  parallelograms.     If  a 
wrong  answer  was  given,  as  expected,  the  student  would  be 
branched  to  a  display  of  parallelograms  with  their  diagonals 
drawn.     This  illustration  provided  a  counterexample  showing 
that  the  characteristic  was  not  true  of  all  parallelograms. 
The  characteristics  covered  were  diagonals  bisecting  each 
other,  which  is  true  of  all  parallelograms;  diagonals 
intersecting  at  right  angles,  which  is  true  only  of  rhombi; 
and  diagonals  bisecting  the  angles  formed  by  the  verticies, 
which  is  true  only  for  rhombi  also. 

During  the  development  of  this  computer  assisted 
instruction  program  two  experienced  programers,  familiar 
with  the  Apple  Pilot  language,   reviewed  the  lesson  and  aided 
in  its  direction.     They  insured  that  any  type  of  student 
input  would  be  accepted  and  judged  by  the  program.  In 
addition,   if  the  input  was  not  in  an  expected  form,  the 
program  would  ask  for  the  response  to  be  entered  again, 
because  the  previous  response  was  not  regognized  by  the 
program. 

The  program  was  also  reviewed  by  a  mathematics 
education  professor,  who  teaches  instructional  computing 
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classes  about  using  the  Apple  Pilot  language.     He  was  able 
to  suggest  such  features  as  having  lines  drawn  immediately 
in  the  figure  shown,  in  response  to  an  answer,  and 
techiniques  for  use  in  graphics  which  allowed  a  more  rapid 
execution  of  the  lesson. 

Two  high  school  teachers,  who  teach  the  content  of  the 
lesson  in  their  own  classes  revievved  the  lesson  giving 
particular  attention  to  the  vocabulary  used,  and  the 
grammar . 

An  experienced  instructor  of  mathematics  for  the 
Childhood  Education  Program  reviewed  the  program  for  its 
suitability  for  use  with  pre-service  elementary  teachers, 
and  recommended  a  couple  of  changes  in  the  wording  of  the 
directions.     These  changes  made  the  directions  more  clear. 

Finally,  several  pre-service  special  education 
teachers,  who  had  backgrounds  similar  to  the  students  used 
in  the  study,  worked  through  the  lesson  without  any 
particular  difficulty.     Feedback  from  the  students  indicated 
that  the  directions  were  clear  and  that  the  students  had  no 
difficulty  in  branching  to  the  help  sequences,  and  then 
returning  to  the  main  lesson.     The  time  required  for  the 
special  education  students  to  complete  the  lesson  ranged 
from  twenty-two  to  thirty-four  minutes. 


CHAPTER  IV 
ANALYSIS  OF  DATA 


The  purpose  of  this  study  v/as  to  compare  the 
performance  of  students  who  received  instruction  about 
parallelograms  from  a  computer   assisted  instruction  program, 
with  the  performance  of  students  who  received  the  same 
information  from  a  teacher  in  a  classroom  setting.  The 
hypotheses  stated  in  chapter  I  were  tested  using  the 
Statistical  Analysis  System   (SAS)   on  the  Northeast  Regional 
Data  Center  computer  located  at  the  University  of  Florida. 

Chapter  IV  has  the  following  organization.     The  results 
of  the  statistical  analysis  for  each  hypothesis  will  be 
presented.       A  comparison  of  mathematics  grades  as  a  measure 
of  mathematical  ability  of  the  two  instruction  groups  is 
included.     The  other  analyses  include  observations  of 
student  responses,  and  other  results  from  the  posttest.  The 
final  section  of  this  chapter   is  an  item  analysis  of  the 
posttest . 


\ 
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Testing  of  Hypotheses 
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Each  hypothesis  was  tested  at  the  alpha  =  0.05  level  of 
significance   (a  95%  confidence  level) . 

Hypothesis  I:  There  will  be  no  difference  in  mean 
posttest  scores  for  the  two  groups  of  students  who  received 
different  modes  of  instruction. 

The  analysis  of  variance  results  for  type  of 
instruction  indicates  that  there  was  a  significant 
difference  in  the  posttest  scores  due  to  the  type  of 
instruction  received.     Thus  hypothesis  I  is  rejected  at  the 
0.05  level  of  significance.     The  analysis  of  variance 
generated  an  F  statistic  of  4.29.     The  probability  of  having 
an  F  statistic  that  large  when  there  was  actually  no 
difference  between  the  two  groups  is  0.0426    (Table  I). 
Because  there  were  only  two  instruction  groups,  the 
implication  is  that  the  group  with  the  higher  mean  score 
performed  significantly  better  than  the  other  group  on  the 
posttest.     The  group  receiving  the  computer  assisted 
instruction  had  a  mean  posttest  score  of  41.19.  The 
teacher's  presentation  group  had  a  mean  postest  score  of 
38.76    (Table  II).     The  conclusion  is  that  the  computer 
assisted  instruction  program  was  more  effective  than  the 
teacher's  presentation  for  teaching  about  parallelograms. 

Another  item  of  interest  in  the  comparison  of  the  group 
mean  postest  scores  was  the  amount  of  variance.     The  scores 
of  the  CAI  group  had  a  variance  of  12.03,  while  the  variance 
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of  the  teacher's  group  was  25.97.     This  difference  in 
amounts  of  variance  indicates  that  the  scores  of  the  CAI 
group  were  clustered  closer  to  the  mean  than  the  scores  of 
the  teacher  group.     Such  a  difference  in  the  variance  likely 
reflects  the  amount  of  attention  the  students  in  the  group 
were  required  to  pay  to  the  presentation.     Each  CAI  group 
student  had  to  answer  each  question  in  the  lesson;  while 
those  students  in  the  teacher's  group  answered  only  a  few 
questions  themselves,  the  rest  of  the  time  was  spent 
listening  to  classmates  answer. 

Although  students  were  randomly  assigned  to 
instructional  groups,  the  mathematics  grades  of  the 
participants  from  the  three  Childhood  Education  mathematics 
classes  were  recorded  to  verify  that  the  students  assigned 
to  one  instructional  group  were  of  the  same  general 
mathemtics  background  as  students  assigned  to  the  other 
group.     Grades  were  not  available  from  the  students  in  the 
Art  class.     MAE  3811,  Mathematics  for  Elementary  School 
Teachers  2,  was  the  only  course  common  to  the  group  of 
participating  students,  and  the  grade  earned  in  this  course 
was  used  as  the  basis  of  comparison  of  mathematics 
background  of  the  two  instruction  groups.     While  the 
computer  instruction  group  had  a  slightly  higher  mean  grade, 
3.172   (4.0  is  A)   it  was  not  significantly  higher  than  the 
mean  grade  of  2.973  for  the  teacher  group     (Table  III) . 
Thus  the  two  instructional  groups  contained  students  with 
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equivalent  backgrounds  as  far  as  mathematics  ability  was 
concerned . 

Hypothesis  II:  There  will  be  no  difference  in  mean 
posttest  scores  due  to  the  different  regular  class 
instructor . 

The  results  of  the  analysis  of  variance  indicate  that 
there  was  no  difference  in  the  posttest  scores  due  to  the 
regular  instructor.     The  comparison  of  the  effect  of  the 
regular  instructor  had  an  F  statistic  of  1.66.  The 
probability  of  having  an  F  statistic  of  that  size  when  there 
were  no  differences  due  to  the  regular  instructor  is  0.1839 
(Table  I).     Therefore,  hypothesis  II  was  not  rejected  at  the 
0.05  level  of  significance.     This  result  means  that  the 
students  of  one  instructor  did  not  score  significantly 
better  than  the  students  of  other  instructors  on  the 
posttest . 

Hypothesis  III:  There  will  be  no  interaction  between 
treatment  groups  and  instructors. 

The  results  of  the  analysis  of  variance  indicate  that 
there  is  no  such  interaction.     The  test  for  interaction 
between  regular  instructor  and  type  of  instruction  provided 
an  F  statistic  of  1.65.     The  probability  of  getting  an  F 
value  that  size  when  there  was  no  interaction  is  0.1848 
(Table  I).     Hypothesis  III  is  thus  not  rejected  at  the  0.05 
level  of  significance. 

This  result  indicates  that  students  from  the  computer 
assisted  instruction  group  scored  better  on  the  posttest 
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than  students  from  the  other  group,  no  matter  who  their 
regular  teacher  was.     Thus  the  influence  of  the  regular 
teacher's  style  of  teaching,  and  choice  of  instructional 
techniques,  did  not  affect  the  performance  of  their  students 
when  compared  to  the  performance  of  other  regular 
instructor's  students.     This  result  means  that  the  CAI 
program  presented  to  these  students  was  not  more  effective 
due  to  something  that  the  regular  instructor  did  with  the 
class. 

Hypothesis  IV:  For  computer  assisted  instruction 
groups,  there  will  be  no  difference  in  mean  test  scores  due 
to  having  an  instructional  computing  unit  before  working 
this  CAI  lesson. 

Mean  posttest  scores  of  students  assigned  to  the 
computer  assisted  instruction  group  from  the  three  Childhood 
Education  Program  mathematics  classes  were  grouped  according 
to  whether  the  regular  class  had  completed  an  instructional 
computing  unit  and  lab  experience.     One  of  the  classes  had 
completed  this  lab  experience  and  that  group  will  be  called 
the  lab  group  from  here  on.     The  other  two  classes 
participated  in  this  study  before  their  lab  experience. 
These  two  classes  are  called  no  lab   (A)   and  no  lab  (B) 
whenever  the  two  classes  are  considered  separately.  The 
first  comparison,  which  reflects  hypothesis  IV,  tested  the 
mean  posttest  scores  of  the  lab  group  and  the  no  lab  groups, 
using  a  t  test.  In  order  to  compute  a  t  statistic  for  groups 
which  have  different  variances,  a  pooled  variance  was  first 
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TABLE  I 

The  Significance  of  Type  of  Instruction,  Regular  CTassrooir. 

Instructor,  and  Interaction  Between  'T^ype  of  Instruction  and 
Regular  Instructor  on  Posttest  Scores. 

Source  of                      DF       Sur,     of  F  probability 

Variation                               Squares  Value         of  F 

Tvpe  of  Instuction                  1         78.43  A. 2^  *  0.0426 


Regular  Instructor  3        90.98        1.6fi  0.1839 

Instruction  X  Instructor  3         90.77         1.G5  0.1348 

Error  61  409.07 

*  Significant  at  the  P  [  0.05  level 


Table  II 

Mean  posttest  scores  according  to  instructional  group 
Group  Mean  Score  Variance 

CAI  41.19  12.03 

TEACHER  38.76  25.97 
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TABLE  III 

Comparison  of  mean  grades  in  MAE  3811  for  Different 
Instructional  Groups 

Group        N    Mean  Grade    Variance      t  value        Critical  t 

CAI  32         3.172  0.526  1.649  ** 

1.049  *  (0.05) 

Teacher       37        2.973  0.666  1.046  *** 

(0.15) 

*  t-value  computed  using  pooled  variance  as  shown  in 
Mendenhall   (1971,  231) 

**  Critical  t  value  from  Table  4,    (Mendenhall,   1971,  419) 

***  Critical  t  value  from  Table  A. 3  (Steel  and  Torrie,  1960, 
433) 


60 

computed.     Whenever  pooled  variance  is  used  in  this  study, 
it  was  computed  according  to  the  formula  given  by  Mendenhall 
(1971,   231) .     The  result  of  this  test  was  a  t  value  of 
1.769.     Since  this  t  value  was  greater  than  the  critical  t 
value  at  the  0.05  level  of  significance,  which  was  1.714, 
hypothesis  IV  is  rejected.     This  result  indicates  that  the 
no  lab  mean  score  of  41.89  was  significantly  greater  than 
the  39.22  mean  score  of  the  lab  group   (Table  IV) . 

The  result  of  the  no  lab  groups  achieving  higher 
posttest  scores  was  not  expected,  and  a  similar  t  test  was 
done  comparing  the  mathematics  grades  for  these  same  groups. 
The  no  lab  groups  had  a  mean  math  grade  of  3.36,  while  the 
lab  group  had  a  mean  score  of  2.77.     Once  again  a  pooled 
variance  and  t  statistic  was  computed.     The  t  statistic  was 
1.82,  and  the  critical  t  value  at  the  0.05  level  of 
significance  was  1.714.     Thus  the  no  lab  group's  mean 
mathematics  grade  was  significantly  higher  than  the  mean 
grade  for  the  lab  group     (Table  V) . 

The  results  of  the  comparisons  of  the  mathematics 
grades  for  the  lab  and  no  lab  groups  help  to  explain  the 
difference  in  mean  posttest  scores  between  these  two  groups. 
The  no  lab  group  with  a  higher  mathematics  ability,  as 
measured  by  the  grade  from  MAE  3811,  had  a  higher  mean 
posttest  score.     Considering  their  significantly  superior 
mathematics  grades,  the  no  lab  group  should  have  been 
expected  to  have  a  higher  mean  posttest  score. 
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Table  IV 

Mean  posttest  scores  for  the  group  which  had  completed 
instructional  computing  lab  and  those  which  had  not  had  an 
instructional  computing  lab. 

Group  n    Mean  Score    Variance     t  value      Critical  t 


after  lab      9        39.22  7.44  1.714 

1.769  *  (0.05) 
no     lab     18         41.89  14.40  2.069 

(0  .025) 


*  significant  at  the  0.05  level 
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Table  V 

Mean  grade  for  the  group  which  had  completed  an 
instructional  computing  lab  and  for  the  groups  which  have 
had  no  instructional  computing  lab 


Group  n    Mean  Grade    Variance       t  value        Critical  t 

After  lab      9        2.77  1.714 

1.83  *  (0.05) 

no     lab     18         3.36  0.375  2.069 

(0.025) 


*  significant  at  the  0.05  level 
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Table  VI 

Distribution  of  MAE  3811  Grades  according  to  group;  coded  as 
after  lab,  and  the  two  no  lab  groups. 

Group  Grades 

(class)  n       A         B+         B         C+         C         D+         D  E 


after  lab        9       2        1  2        0  3        1  0  0 


no  lab (A)       10       30  51  10  00 


no  lab(B)         842  20  00  00 
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Table  VII 

Mean  posttest  scores  for  groups  which  had  completed 
instructional  computing  lab  and  those  which  had  not  had 
instructional  computing  lab. 

Group          n    Mean  Score    Variance     t  value  Critical  t 

After  lab       9         39.22              7.44  1.345  ** 

2.28  *  (0.10) 

No  lab   (A)    10         42.60             11.38  1.746  ** 

(0.05) 

After  lab      9        39.22              7.44  2.120  ** 

1.05  *  (0.025) 

No  lab   (B)     8        41.00  14.57 


*  t-value  computed  using  pooled  variance  as  shown  in 
Mendenhall   (1971,  231) 

**  Critical  t  values  from  Table  4,    (Mendenhall,   1971,  419) 
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Table  VIII 

Mean  mathematics  grades  for  groups  which  had  completed 
instructional  computing  lab  and  those  which  had  not  had  an 
instructional  computing  lab. 

Group  n    Math  Grade    Variance       t  value        Critical  t 


After  lab      9  2.77  0.88  1.746 

1.80  *  (0.05) 

No  lab   (A)    10  3.15  0,44 


After  lab      9  2.77  0.88  2.120 

2.17  *  (.025) 

No  lab   (B)     8  3.62  0.20 


*  t-value  computed  using  pooled  variance  as  shown  in 
Mendenhall   (1971,  231) 

**  Critical  t  values  from  Table  4,    (Mendenhall,   1971,  419) 
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The  computer  program  used  in  this  study  contained 
several  formats  for  student  responses.  Two  will  be 
considered  here.     The  first  type  required  a  yes  or  no 
answer,  and  had  a  prompt  reading;     type  YES  or  NO     .  The 
other  was  a  menu  type,  for  example: 

Would  you  like  to 

1)  Return  to  the  program 

2)  See  another  example 

This  second  type  had  no  prompt.     While  the  students 
interacted  with  the  program,  their  responses  to  these  two 
types  of  questions  were  observed.     Every  student  followed 
the  prompt  and  typed  either  the  word  yes  or  no  as  indicated. 
The  program  would  have  accepted  an  answer  of  either  y  or  n; 
however,  no  student  tried  to  use  this  common  CAI  shortcut. 
Of  greater  interest  was  the  way  students  responded  to  the 
second  type  of  question,  the  menu  type  without  prompts.  The 
program  would  accept  the  numeral   (1),     the  number  name, 
(one)   the  entire  phrase  or  the  first  word  of  the  phrase,  and 
the  program  would  branch  properly.     Of  the  students  in  the 
CAI  group,  only  1  of  32  typed  the  entire  phrase.     The  other 
31  students  typed  the  numeral.     The  other  two  possible 
responses   (number  names  and  first  word  of  the  phrase)  were 
not  used.     This  observation  is  included  because  the  students 
from  two  of  three  classes  had  no  prior  experience  with 
computers,  yet  they  used  the  common  computer  program  menu 
response  with  no  instruction.     The  implication  of  this 
finding,  at  least  for  college  students,   is  that  it  is  not 
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unreasonable  to  use  menu  selections  and  have  the  selection 
be  made  by  typing  the  numeral  corresponding  to  the  desired 
choice,  rather  than  typing  the  entire  phrase  to  indicate  the 
choice . 

Other  Findings 

Students  who  have  higher  mathematics  grades  should  be 
expected  to  score  higher  on  the  posttest  than  students  with 
low  mathematics  grades,  no  matter  which  type  of  instruction 
they  received.     Using  the  SAS  program  to  find  the  amount  of 
correlation,   if  any,  between  mathematics  grade  and  posttest 
score  resulted  in  a  Pearson  Correlation  Coefficient  of  0.34. 
This  result  indicates  a  small,   but  positive  relationship 
between  the  mathematics  grade  and  the  posttest  score,  as 
expected . 

Question  two  on  the  pretest  simply  asked  for  the  number 
of  sides  of  a  parallelogram.     Most  students  responded  with 
the  numeral  4.     However,  those  students  who  indicated  from 
the  previous  identification  pretest  question  that  a  hexagon 
or  an  octagon  might  be  a  parallelogram  were  consistent  and 
answered  so  that  their  choices  on  question  one  would  be 
included.     For  example,  more  than  two  sides,  and  parallel 
sides  were  answers  given.     Only  seven  of  sixty-nine  students 
gave  answers  other  than  four. 

On  the  third  question,  which  asked  students  to  draw 
three  different  types  of  parallelograms,  the  drawings  were 
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consistent  with  the  choices  made  on  the  first  identification 
question.     Those  students  who  indicated  that  squares  and 
rectangles  were  parallelograms  often  included  them  as  types 
of  parallelograms  in  their  drawings.     Students  who  did  not 
recognize  rectangles  and  squares  from  question  one  either 
did  not  draw  three  examples  or  more  often  drew  a  standard 
parallelogram,  then  used  the  same  figure  with  a  rotation  for 
the  other  two  figures.     Once  again,   the  point  is  that  the 
drawings  were  consistent  with  their  previous  answers. 

An  item  analysis  of  the  posttest  indicated  two  striking 
things.     The  first  was  that  the  computer  assisted 
instruction  group  made  only  two  identification  errors.  One 
student  circled  a  trapezoid,   indicating  that  it  was  a 
parallelogram,  and  one  student  omitted  one  of  the 
parallelograms.     From  the  teacher  group  seven  students 
circled  one  of  the  trapezoids,  classifying  it  as  a 
parallelogram.     Of  these  seven  students,   three  also  circled 
the  hexagon,  four  circled  the  octagon,  and  two  circled  the 
other  trapezoid.     Overall,  the  computer  assisted  instruction 
group  did  a  much  better  job  of  identifying  the 
parallelograms.     An  other  important  result  was  the 
difficulty  that  students  from  both  groups  had  with  the 
questions  about  rhombi   (Part  II,  numbers  6,   13,   25;   Part  IV, 
number  4) .     The  number  of  errors  on  these  questions 
indicates  that  neither  of  the  presentations  developed  in  its 
students,  the  concept  of  rhombus  very  well  since  four 
questions  about  rhombus  properties  were  missed  by  over  half 
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of  the  students  from  each  group.     The  Part  II  questions  20 
and  23  did  not  cause  much  difficulty.     The  students  at  least 
recognized  the  relationship  between  rhombus  and 
parallelogram. 

The  results  of  questions  7  and  22  from  Part  II  of  the 
posttest  indicate  that  the  properties  of  diagonals  of 
parallelograms  which  were  presented  in  the  lesson  were  not 
well  understood  by  most  of  the  students.  This  information 
was  presented,  but  no  drill  exercises  were  included  in  the 
instruction . 

Part  V  of  the  posttest  was  the  part  which  presented  new 
information  about  the  interior  angles  of  parallelograms. 
While  students  were  able  to  identify  opposite  and  adjacent 
interior  angles,  about  half  of  the  students  from  both  groups 
did  not  recognize  that  the  adjacent  angles  of  a 
parallelogram  were  supplementary.     About  the  same  number  of 
the  students  responded  that  if  a  parallelogram  had  all  four 
angles  of  equal  measure,  then  the  parallelogram  would  be  a 
square.     Again,  about  half  of  the  students  answered  that 
there  was  a  relationship  of  the  lengths  of  the  adjacent 
sides  in  a  parallelogram. 


Item  Analysis 


The  complete  item  analysis  for  the  posttest  is  provided 
in  table  form  (Table  IX) . 
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The  symbol  p  represents  the  percentage  of  students  who 
answered  the  question  correctly.     The  item  analysis  will 
present  the  percentages  for  each  of  the  groups,  computer 
assisted  instruction  and  the  teacher  presentation,  side  by 
side  for  ease  of  comparison.     There  were  32  students  in  the 
computer  assisted  instruction  group  and  37  students  in  the 
teacher  group.  ' 

The  table  presented  has  each  question  from  the  posttest 
and  the  graphic  designs.     The  size  of  the  graphic  figures 
and  the  format  of  the  table  differ  from  the  posttest  qiven 
to  the  students.     The  actual  posttest  is  presented  in 
appendix  3. 
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TABLE  IX 

Part  I 

Draw  a  circle  around  each  figure  that  is  a  parallelogram 

Question         p  p  Question        p  p 

CAI       GROUP  CAI  GROUP 


1) 


3) 


5) 


o 


7) 


9) 


100         100  2) 


100         100  4) 


100         100  6) 


100         100  8) 


100  81  10) 


100  100 


100  100 


100  100 


100  100 


100  92 


11) 


100         100  12) 


97  95 


13) 


100         100  14) 


100  100 


15) 


0 


97         100  16) 


o 


100  89 
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Part  II 

FOLLOWING  EACH  STATEMENT  WRITE:   A  for   always  true 

S  for  sometimes  true 
N  for  never  true 


Question  p  p 

CAI  GROUP 

A  rectangle  is  a  parallelogram.  100  100 
The  opposite  sides  of  a  paralelogram 

intersect.  87  78 

Parallelograms  have  four  diagonals.  72  51 

Parallelograms  are  squares.  94  73 

Parallelograms  have  four  sides.  100  89 

A  rhombus  is  a  rectangle  34  19 

The  diagonals  of  a  parallelogram  bisect 

the  angles  formed  at  the  verticies.  31  38 

A  parallelogram  has  only  one  pair  of 

opposite  sides.  81  78 
The  diagonals  of  a  parallelogram 

bisect  ech  other.  78  70 

All  squares  are  rectangles.  53  65 

For  a  given  side  of  a  parallelogram 
there  is  just  one  side  which  is 

adjacent  to  it.  84  68 
Opposite  sides  of  parallelograms 

have  the  same  length.  87  86 

A  rhombus  is  a  square.  50  27 
The  diagonals  of  a  parallelogram 

form  right  angles.  69  81 

A  square  is  a  parallelogram.  97  89 
The  diagonals  of  a  parallelogram 

are  parallel  to  each  other.  87  76 

A  parallelogram  is  a  rectangle.  91  86 

A  parallelogram  may  have  six  sides.  100  89 
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Question 

19)  A  parallelogram  has  adjacent  sides 
which  intersect  at  right  angles. 

20)  Every  rhombus  is  a  parallelogram. 

21)  A  parallelogram  is  a  triangle. 

22)  The  diagonals  of  a  parallelogram 
have  the  same  length. 

23)  A  parallelogram  is  a  rhombus. 

24)  Every  rectangle  is  a  parallelogram. 

25)  A  rhombus  has  adjacent  sides  which 
intersect  at  right  angles. 


P 
CAI 

81 

91 

100 

44 

87 
100 

47 


? 

GROUP 
78 
87 
97 

35 
73 
84 
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Part  III 

WRITE  A  DEFINITION  OF  A  PARALLELOGRAM 
Definition  Contained 


1)  Four  sided  figure 

2)  Opposite  sides  are  parallel 

3)  No  extra  false  information 


P 

CAI 

97 
66 
94 


GROUP 
89 
62 
89 


Part  IV 

USE  PARALLELOGRAM  RSTU  FOR  THE  NEXT  QUESTIONS 

Question 


U 


1)  the  side  opposite  RS  is  — 

2)  RU  is  an  adjacent  side  to  side  -■ 

3)  Side  TU  is  the  same  length  as 
side  — 

4)  Is  RSTU  a  rhombus? 

5)  Is  RSTU  a  rectangle? 


P 
CAI 

100 

91 

100 
47 
69 


D 

GROUP 
100 
84 

100 
59 
62 
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Part  V  ^  

USE  THE  PARALLELOGRAM  TO  THE  RIGHT  \  1 

OF  THE  PAGE  FOR  THE  QUESTIONS  OF  \ 
THIS  SECTION.  \ 
THE  FOUR  ANGLES   INSIDE  THE  PARALLELOGRAM  \4 
ARE  NUMBERED  1-4. 


Question 

P 

CAI 

P 

GROUP 

1) 

Which  angle  is  opposite  angle  2? 

97 

95 

2) 

VJhich  angle  is  opposite  angle  3? 

97 

92 

3) 

How  many  angles  are  adjacent  to  angle  4? 

75 

86 

4) 

Are  angles  1  and  2  the  same  size? 

100 

100 

5) 

Are  angles  3  and  4  the  same  size? 

100 

100 

6) 

Is  there  a  relationship  concerning 
opposite  angles,  which  is  true  for  all 
parallelograms? 

100 

86 

7) 

What  is  the  relationship,   if  any 
between  angles  1  and  4? 

56 

43 

8) 

Can  parallelograms  have  3  angles  the 
same  size,  and  the  other  angle  a 
different  size? 

100 

95 

9) 

Is  there  a  relationship  which  is  true 
for  all  parallelograms  concerning  their 
adjacent  sides? 

41 

46 

10)   If  all  four  angles  of  a  parallelogram  are 

equal,  then  is  the  parallelogram  a  square?     47  38 


CHAPTER  V 
SUMMARY  AND  CONCLUSIONS 

The  purpose  of  this  study  was  to  compare  the 
performance  of  32  pre-service  elementary  teachers,  who 
received  instruction  about  parallelograms  from  a  computer 
assisted  instruction  program,  which  v/as  written  for  this 
study,  and  37  pre-service  elementary  teachers,  v/ho  received 
the  same  instruction  from  a  teacher   in  a  classroom  setting. 
Participating  students  were  from  four  Childhood  Education 
Program  classes.     From  these  classes  the  student's  whose 
pre-tests  demonstrated  that  they  did  not  already  understand 
the  concepts  being  taught  were  randomly  assigned  to 
instructional  groups.     The  instruction  used  was  identical 
for  both  groups.     The  examples  shown  and  the  questions  asked 
were  the  same.     In  the  classroom  setting,  hov;ever ,  the 
teacher  was  able  to  answer  any  questions  posed  by  the 
students  in  that  group. 

After  one  week,  the  students  were  given  a  posttest. 
The  scores  from  the  posttest  were  used  as  a  measure  of  the 
student's  achievement  and  were  compared  using  an  analysis  of 
variance  procedure.     Of  particular  interest  were  the 
following  questions.     Will  one  instructional  group  score 
higher  than  the  other  on  the  posttest?     Will  there  be  any 
effect  due  to  regular  teacher?     Will  the  grade  received  in 
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the  Mathematics  for  Elementary  Teachers  class  have  an  effect 
on  the  posttest  scores?    V^ill  there  be  any  difference 
between  groups  which  have  had  a  previous  microcomputer  lab 
experience  and  those  who  have  no  computer  experience  at  all? 
Will  there  be  an  interaction  between  regular  classroom 
teacher  and  instructional  group? 

The  results  of  the  analysis  of  variance  from  chapter  IV 
indicated  that  the  computer  assisted  instruction  group  had 
significantly  higher  posttest  scores  than  the  students  in 
the  teacher's  classroom  group.       This  result  indicates  that 
the  computer  assisted  instruction  program  used  in  this  study 
was  more  effective  than  the  teacher  presentation  because  the 
mode  of  instruction  was  the  only  variable  tested  which 
showed  any  significant  difference  between  the  two  groups. 

The  effects  which  were  tested  and  found  to  be  not 
significantly  different  for  the  two  groups  included  effects 
due  to  having  different  regular  class  instructors,  effects 
of  university  mathematics  background,  having  had  an 
instructional  computing  unit  prior  to  participation  in  the 
study,  and  any  interaction  betv;een  the  group  assignment  and 
the  regular  instructor. 

Both  the  higher  posttest  scores  and  the  lower  variance 
for  the  computer  assisted  instruction  group  indicate  that 
there  was  something  about  the  CAI  program  which  made  it  more 
effective  than  the  teacher's  presentation.  Although 
Magidson   (1975)   found  no  significant  differences  between 
groups  in  his  study,  he  noticed  that  were  differences  in  the 


77 

scores  of  the  lower  ability  students.     Those  students 
receiving  the  computer  assisted  instruction  had  better 
scores  than  the  other  students.     Maqidson  suggested  that 
this  difference  could  be  attributed  to  the  amount  of 
attention  the  student  was  required  to  pay  to  the  material 
when  presented  by  CAI .  This  greater  amount  of  attention  paid 
to  the  material  being  presented  may  also  account  for  the 
smaller  variance  within  the  CAI  group  on  their  posttest 
scores.     When  v/orking  the  CAI  program,   the  student  was 
interacting  with  the  program  via  the  computer.     The  student 
had  to  answer  each  question  individually.     That  means  that 
the  student  had  to  pay  attention  to  each  question,  and  was 
actively  involved  with  the  material  being  presented.  At 
least  the  student  had  to  read  each  question  so  that  an 
answer  could  be  given  and  accepted  by  the  program. 
Observation  of  the  students  while  working  the  CAI 
presentation  confirmed  that  each  student  worked  at  his  own 
pace  through  the  lesson  and  appeared  to  be  actively  trying 
to  learn  the  material  presented  to  a  greater  extent  than 
students  participating  in  the  group  with  the  teacher.  This 
required  level  of  attention  and  active  participation  is  a 
good  reason  for  the  differences  in  mean  posttest  scores 
between  the  two  groups  of  students,  which  was  found. 

Students  in  the  teacher's  group  worked  at  the  same  rate 
due  to  the  nature  of  presentations  to  an  entire  class. 
Students  were  only  called  upon  to  answer  a  few  questions; 
some  students  may  not  have  answered  any  questions  aloud. 
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The  students  in  this  group  were  supposed  to  be  listening  to 
the  discussion  and  answers  given  by  the  other  students,  but 
tha  amount  of  attention  directed  to  the  lesson  could  not  be 
determined . 

The  positive  correlation,  while  only  0.34  (Pearson 
Coefficient) ,   indicates  an  expected  relationship  between 
mathematics  background  and  performance  on  the  posttest. 
Those  who  had  a  more  substantial  mathematics  background  were 
expected  to  out  perform  the  rest  of  the  students  without 
regard  for  the  group  assignment. 

The  observation  of  the  students  in  the  CAI  group  when 
faced  with  an  uncued  menu  type  choice,  as  mentioned  in 
chapter  IV,  leads  to  the  conclusion  that  college  students 
tend  to  readily  accept  the  use  of  numbered  choices. 
Thirty-two  of  thirty-three  students  chose  to  try  the  numbers 
when  there  was  no  direction  provided.     Since  this  proved  to 
be  an  acceptable  response,  they  continued  to  make  their 
selections  by  entering  the  number  rather  than  the  words 
which  indicated  the  prefered  choice.     At  least  for  colleae 
students,  the  use  of  numbered  choices  on  menu  type  questions 
would  be  an  easily  understood  system.     At  least  two-thirds 
of  the  students  in  the  CAI  group  had  no  previous  experience 
with  computers,   and  yet  they  responded  by  typing  the  number 
rather  than  the  phrase  which  indicated  their  choice  of 
direction  in  answer   to  a  menu  question. 

Among  the  other  findings  from  chapter  IV  \>;ere 
conclusions  that  properties  of  rhombus  and  some  of  the 
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properties  of  diagonals  of  a  parallelogram  were  not  well 
taught,  since  the  item  analysis  showed  that  students  from 
both  groups  had  difficulty  with  posttest  items  on  these 
properties  and  relationships.     The  major  reason  for  this 
lack  was  probably  the  lack  of  drill  on  these  properties. 
They  were  presented,  but  there  was  no  repetition  of  them 
later  in  the  program  as  there  was  v/ith  the  earlier  concepts 
of  parallelogram  and  relationships  of  special  cases  of 
parallelograms  to  parallelograms  in  general.     The  lack  of 
drill  was  the  same  in  both  groups  and  was  reflected  as  such 
on  the  posttest.     This  weakness  was  in  the  program,  which 
was  the  same,  and  not  a  characteristic  of  either 
instructional  mode. 

Students  who  made  errors  in  the  identification  of 
parallelograms  on  the  first  part  of  the  posttest  were 
consistent  in  those  errors.     For  example,  three  students 
from  the  teacher's  presentation,  not  all  from  the  same 
regular  class,   indicated  that  the  hexagon  v\?ith  opposite 
sides  parallel  was  a  parallelogram.     These  same  three 
students  responded  that  parallelograms  sometimes  have  four 
sides,  and  all  three  left  out  the  fact  that  parallelograms 
had  four  sides  from  their  written  definition  on  the 
posttest.     This  is  an  example  of  students  who  have 
mislearned  the  concept  of  parallelogram,  but  they  apply  the 
concept  which  they  have  consistently. 

This  study  showed  that  a  computer  assisted  instruction 
lesson  was  an    effective  mode  for  teaching  a  concept  with  a 
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concept  attainment  exercise.     Other  modes  of  instruction 
should  be  studied  in  order  to  determine  if  computer  assisted 
instruction  proqrams  can  be  effective  for  models  of 
instruction  other  than  for  the  concept  attainment  model. 

Along  this  same  line,  other  concepts  should  be  studied 
to  insure  that  the  differences  found  in  this  study  were  due 
to  the  type  of  instruction  the  students  received,  and  not 
due  in  some  way  to  the  concepts  and  relationships  of 
parallelograms  presented. 

Future  studies  should  use  a  different  group  of 
subjects.     This  study  was  done  with  pre-service  elementary 
teachers.     The  results  may  have  differed  had  a  different 
group  of  subjects  been  used.     For  example,  the  same 
information  could  be  taught  to  middle  school  students.  The 
question  is,  would  the  results  show  that  the  computer 
assisted  instruction  group  scored  higher  on  the  posttest? 
That  is  a  question  worth  answering. 

The  use  of  color  in  the  computer  assisted  instruction 
lesson  was  a  good  idea,  but  using  the  color  as  a  cue  to 
direct  student's  attention  required  that  color  monitors  be 
available,  and  adjusted  so  that  the  color  given  in  the  cue 
is  the  proper  color  in  the  graphic  display.     Avoiding  the 
use  of  color  cues  would  make  the  CAI  program  more  versitile. 
The  effect  of  using  color  as  a  cue  in  CAI  programs  is  an 
area  of  possible  future  investigation. 

Students  were  able  to  get  help  at  certain  times  in  the 
CAI  lesson.     No  attempt  was  made  to  record  how  often  or  from 


81 

which  points  in  the  lesson  the  student  was  branched  to  a 
help  sequence.     Future  studies  v/ith  CAI  lessons  could 
investigate  the  frequency  and  position  in  the  lesson  from 
which  the  students  received  help.     Such  a  study  may 
investigate  these  patterns  for  different  types  of  students. 
The  results  of  such  a  study  could  be  applied  by  CAI  program 
authors  to  make  their  programs  more  effective. 
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APPEFDIX  A 
PARALLELOGRAM  COMPU'^ER  LESSOM 

*var 

r:n$  is  the  student's  first  name 
d:n$ (20) 

d:rp.9$  (1) 
d:a9$ (1) 
d:b9$ (1) 
d:c9$ (1) 
d:d9$ (1) 
c:m9$=chr  (30) 
c:a9$=chr  (37) 
c: b9$=chr (55) 
c:c9$=chr (18) 
c:d9$=chr (14) 
j : intro 
*cont 

th:$m9$  $a9$  $b9$  press 

:<  $c9S  SPACE$d9$  >     to  continue 

as : 

e : 

pr :  1 
*  intro 
g :  es 
t : 
t: 
t: 

t: BEFORE  BEGINING  THE  LESSON  ABOUT 

Ti  . 

TrPARALLELOGRAiMS,    LET  ME  FIND  OUT 
T: 

T:JUST  A  LI'^TLE  ABOUT'  YOU. 

T: 

t: 

trWHAT  IS  YOUR  FIRST  N/U^E? 
T : 

TH:  ==> 

a :  $n$ 

t: 

c:   /n$  c 
t: 

t: THANK  YOU  $n$    ,   NOW  I  CAN  CALL  YOU  BY 
t: 

t:YOUR  FIRST  NAME, 
t: 

u :  cont 
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*  instr 

g 

t 
t 
t 
T 
t 
T 


es 

NOW,    $n$    ,    I  WILL  SHOW  YOU  SEVERAL 
GEOMETRIC  FIGURES.   THE  ONES  ON  THE 
LEFT  OF  THE  SCREEN  WILL  ALL  BE 
PARALLELOGR/iMS  AND  THE  ONES  ON  THE 
RIGHT  OF  THE  SCREEN  WILL  BE  FIGURES 
V7HICH  ARE  NOT  PARALLELOGRAMS. 


cont 
es 


WHAT  YOU  ARE  TO  DO,    $n$    ,    IS  T^O  LOOK 

AT  THE  FIGURES  CAREFULLY.   NOTICE  '^HE 

CHARACTERISTICS  WHICH  ALL  OF  THE 

PARALLELOGRAf'lS  HAVE.   ALSO  NOTICE  THE 

CHARACTERISTICS  WHICH  CAUSE  THE 

PARALLELOGRAMS  TO  DIFFER  FROM  THE 

OTHER  FIGURES. 

cont 
es 

I  ALSO  WANT  YOU  TO  BE  THINKING  OF  A 

DEFINITION  FOR  PARALLELOGRAJIS  SO  THAT 

YOU  WILL  BE  ABLE  TO  TELL  ME   IF  ANY 

GIVEN  FIGURE   IS  A  PARALLELOGRAM  OR  NOT 

A  PAPJ^LLELOGRAM . 
cont 
es 
exampl 
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gxrpara 

t:  ALL  of  these  are 
:  are 
t: 

t :  PARALLELOGRAMS 
:S 


t: 
t: 
t: 
t: 

u: cont 
g :  es 
t: 
t: 

t:YOU  HAVE  NOW  SEEN   SOME  EXAMPLES.  $n$ 
T: 

T:I  WANT  YOU  TO  CHOSE  V7HAT  YOU  ARE 
T: 

T: GOING  TO  DO  NEXT, 
t: 

t:  1.   SEE  MORE  EXAMPLES 

t: 

t:  2.  GO  ON 

t: 

th:        (CHOICE)  ==> 
a:#r 

mj : %1% ! see ! more ! examples ! %one% 
j :more 

mj:%go%!%go  on% ! %2% ! %two% 

j  :  end 

in: 

t: 

"'*a>2):Y0U  ARE  NOT  FOLLOWING 

: INSTRUCTIONS .    I'M  GOING  ON  WI^H  THE 

: LESSON 

jc : end 

t:I  DON'T  RECOGNIZE  YOUR  ANSV7ER. 

: PLEASE  TYPE  YOUR  CHOICE  AGAIN,    $n$  . 

j  :  @a 

*end 

1 : figures 
♦more 
g :  es 

gx: r2para 

t:  ALL  of  these  are  NONE  of  these  are 

t: 

t:      PARALLELOGRAMS  PARALLELOGRAM 
:S 


NONE  of  these 
PARALLELOGRAM 


t: 
t: 


u : cont 
j  :  end 


t: 

pr:g  1 

c:a9$=chr  (35) 
j :f iga 
*cont 

th:$m9$  $a9$  $b9$  press 

:  <$c9$  SPACE$d9$  >     to  continue 

as : 

g :  es 

e : 

*f  iga 
g :  es 

gx:c) fig 

g:v20,   39,  0,23 

t: 

t: 

t: 

t: 

t: 

t:NOW,  $n$ 

t:IS  THIS  FIGURE  AN  EXAMPLE  OF  A 

: PARALLELOGRAM  ? 

t: 

t: 

t: 

th:  (YES  or  NO) ==> 
a : 

mj : %yes%! %v% 

s:45,15 

t: 

t: RIGHT,   THE  FIGURE   IS  A  PARALLELOGRAM 

j : f igb 

mj : %n% ! %no% 

t: 

s:10,25 

t:NO,   THE  FIGURE   IS   IN  FACT  A 
: PARALLELOGRAM .   NOTICE  THAT  THE 
:OPPOSITE  SIDES  ARE  PARALLEL, 
t: 
t: 

t:TRY  THE  NEXT  FIGURE. 

u: cont 

j : f igb 

m: 

t: 

t(%a>  2): YOU  ARE  NOT  FOLLOWING 

: DIRECTIONS.    I  AiM  STARTING  THIS  SECTION 

:OVER. 


j  (%a<  2)  :  f  iga 

t:I   DON'T  RECOGNIZE  YOUR  ANSV7ER.  PLEASE 

:TYPE  IN  EITHER  YES  OR  NO- 

T: 

T:TRY  AGAIN 
j  :@a 
*f  igb 
g :  es 

gx: e) fig 

t: 

t: 

t: 

t: 

t: 

t:IS  THIS  FIGURE  A  PARALLELOGRAfl"' 

t : 

t: 

th: (YES  or  NO) ==> 
a : 

mj : %y% ! %yes% 

s:45,15 

t : 

t:  RIGHT,   THE  FIGURE   IS  A  PARALLELOGFvAiM 

j : helpa 

mj : %n%! %no% 

t: 

s: 10, 25 

t: SORRY,   THE  FIGURE   IS  A  PARALLELOGRAM. 

:IT  HAS  ALL  OF  THE  CHARACTERISTICS 

:NEEDED  TO  BE  A  PAPALLELOGRAM . 

t: 

t: 

u : cont 
j : helpa 
m: 
t: 

t(%a>  2):Y0U  ARE  NOT  FOLLOWING 

: DIRECTIONS.    I  AM  STARTING  THIS  SECTION 

:OVER. 

j (%a  C  2) : f iga 

t:I   DON'T  RECOGNIZE  YOUR  ANSIVER.  PLEASE 

:TYPE   IN  EITHER  YES  OR  NO. 

T: 

T:TRY  AGAIN 

j  :@a 

*helpa 

g:  es 

t: 

t: 

t: 

t: 

t: BEFORE  GOING  ON,   $n$   ,   I  m  GIVING  YOU 


:A  CHANCE  TO  LOOK  AT  THE  EXAMPLES  OF 
: FIGURES  WHICH  ARE  PARALLELOGRAiMS  AND 
:SOME  WHICH  ARE  NOT  PARALLELOGRAMS, 
t: 
t: 

T:   DO  YOU  WANT  TO: 

i.  : 

T:      l.SEE  EXAMPLES 
T: 

T:     2. GO  ON 
T: 

TH: (CHOICE) ==> 
a: 

m: %1% ! see ! examples ! %one% 
uy : reva 
*  f  igc 
g :  es 

gx:d) f ig 

g:v20,   39,   0,  23 

t: 

t: 

t: 

t: 

t: 

t:IS  THIS  FIGURE  A  PARALLELOGRAM? 
t: 

th: (YES  or  NO) ==> 
a : 

mj  :  %n% ! %no% 

s:45,15 

t: 

t: RIGHT,   THE  FIGURE   IS  NOT  A  PARALLELOG 

:RAM 

j : f  igd 

mj : %y% ! %yes% 
t: 

s:10, 25 

t:NO  $n$   ,   THIS  FIGURE  IS  NOT  A 

: PARALLELOGRAM.    IT  IS  A  TRIANGLE.  IT 

:HAS  THREE    (3)    SIDES.    REMEMBER  THE 

: PARALLELOGRAMS   IN  THE  EXAMPLES  ALL  HAD 

:FOUR   (4)  SIDES. 

t: 

t: 

t:TRY  THE  NEXT  FIGURE 

u : cont 

j : f igd 

m : 

t: 

t(%a  >  2) :YOU  ARE  NOT  FOLLOWING 

: DIRECTIONS.    I  AM  STARTING  THIS  SECTION 

:OVER. 

j (%a  <  2)  : f iga 
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t:I  DON'T  RECOGNIZE  YOUR  ANSWER.  PLEASE 

:TYPE  IN  EITHER  YES  OR  NO. 

T: 

T:TRY  AGAIN 
j  :@a 
*f  igd 
g :  es 

gx: f ) f ig 

t: 

t: 

t: 

t: 

t: 

t:IS  THIS  FIGURE  A  PARALLELOGRAfl? 

t: 

t: 

th: (YES  or  NO) ==> 
a : 

!nj:%n%!%no% 

s:45,15 

t: 

t: RIGHT,   THE  FIGURE   IS  NOT  A  PARALLELOG 

:RAM 

j  :  he.lpb 

t: 

mj : %Y% ! %yes% 
t: 

s:10, 25 

t:ACTUALLY  THIS  FIGURE   IS  A  TRAPEZOID. 

:IT  IS  VERY  MUCH  LIKE  A  PARALLELOGRAM, 

:BUT   IT  HAS  ONE   IMPORTANT  DIFFERENCE. 

:BE  SURE  TO  TAKE  A  GOOD  LOOK  AT  THE 

:  SIDES.   A  TRAPEZOID   IS  NOT  A  PARALLELOG 

:RAM. 

t: 

u : cont 
j : helpb 
m: 
t: 

t(%a>  2):  YOU  ARE  NOT  F0LL0V7ING 

:DIRECTIONS.    I  AM  STARTING  THIS   SECTION  :OVER. 
j  (%a<  2)  :f  iga 

t:I   DON'T  RECOGNIZE  YOUR  ANSWER.   PLEASE    :TYPE  IN  EITHER  YES 

OR  NO. 

T: 

T:TRY  AGAIN 

j  :@a 

*helpb 

g :  es 

t: 

t: 

t: 

t: 


t: 

t: BEFORE  GOING  ON,   $n$    ,    I  m  GIVING  YOU 
:  ANOTHER  CHANCE  TO  LOOK  AT  THE  EXATIPLES 
:  FIGURES  V7HICH  ARE  PARALLELOGRAMS  AND 
:SOME  WHICH  ARE  NOT  PARALLELOGRAMS, 
t: 

T:   DO  YOU  WANT  TO: 
T: 

T:     l.SEE  EXAMPLES 
T: 

T:     2. GO  ON 
T: 

TH:    (CHOICE)  ==> 
a : 

m:  %1%  1  see !  exampl^r; !  %one% 
uy : reva 
*f  ige 
g :  es 

gx:g) f ig 

g:v20,   39,   0,  23 

t: 

t: 

t: 

t: 

t: 

t:IS  THIS  FIGURE  A  PARALLELOGRAM? 

t: 

t: 

th: (YES  or  NO) ==> 
a: 

raj  : %y% ! %yes% 

s:45,15 

t : 

t: RIGHT,   THE  FIGURE   IS  A  PARALLELOGRAM 

j :f igg 

raj  :  %n% ! %no% 

t: 

t: 

s:10,25 

t:NO,      $n$    ,    IT  IS  A  PARALLELOGRAM 
t: 

t:YOU  PROBABLY  ANSWERED  NO  BECAUSE  YOU 
: RECOGNIZED  THE  FIGURE  AS  A  RECTANGLE. 
:IT   IS   INDEED  A  RECTANGLE.   HOWEVER,  ALL 
: RECTANGLES  HAVE  THE  CHARACTERISTICS 
: WHICH  MAKE  THEM  PARALLELOGRAMS, 
t : 
t: 

t:TRY  THE  NEXT  FIGURE 

u : cont 

j :f igg 

m: 

t: 


t(%a>  2) :YCU  ARE  NOT  FOLLOWING 
:DIRECTIONS.    I  AM  STARTING  THIS  SECTION 
:OVER. 

j (%a  <  2) : f iga 

t:I  DON'T  RECOGNIZE  YOUR  ANSV^R.  PLEASE 

:TYPE  IN  EITHER  YES  OR  NO. 

T: 

Ti'T'RY  AGAIN 
j  :@a 
*f  igg 
g :  es 

gx:h) fig 

t: 

t: 

t: 

t: 

t: 

t:IS  THIS  FIGURE  A  PARALLELOGRAM? 

t : 

t: 

th: (YES  or  NO) ==> 
a : 

raj : %n%! %no% 

s:45,15 

t: 

t: RIGHT,   THE  FIGURE   IS  NOT  A  PARALLELOG 
:  RAfI 
j  :f igi 

mj  :%y%! %yes% 
t: 

s:10,25 

t:NO  $n$    ,   THE  FIGURE  SH0V7N   IS  A 

: HEXAGON.    IT  HAS  SIX  SIDES.   YOU  SHOULD 

:  RECALL  "I'TTAT  ALL  OF  THE  PARALLELOGRAMS 

:IN  THE  EXAMPLES  HAD  FOUR   (4)    SIDES.  IT 

:IS   IMPORTANT  TO  UNDERSTAND  THAT  A 

: PARALLELOGRAM  CAN  HAVE  ONLY  FOUR  SIDES 

t: 

t: 

t:TRY  THE  NEXT  FIGURE 

u : cont 

j  :f igi 

in: 

t: 

t(%a>  2): YOU  ARE  NOT  FOLLOWING 

:  DIRECTIONS.    I  AT-l  STARTING  THIS  SECTION 

: OVER . 

j  (%a  <  2)  :  f  iga 

t:I  DON'T  RECOGNIZE  YOUR  ANS^VER.  PLEASE 

:TYPE  IN  EITHER  YES  OR  NO. 

T: 

T:TRY  AGAIN 
j  :  <§a 
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*f  igi 
g :  es 

gx: i) fig 

t: 

t: 

t: 

t : 

t:IS  THIS  FIGURE  A  PARALLELOGRAM? 

t: 

t: 

th: (YES  or  NO) ==> 
a : 

mj  :  %y% ! %yes% 

s  :  45 , 15 

t: 

t: RIGHT,   THE  FIGURE   IS  A  PARALLELOGRAM 

j:helpc 

mj  :  %n% I %no% 

t: 

t: 

s:10,25 

t:  SORRY,   THE  FIGURE   IS  A  PAPJ\LLELOGRAM . 

:    I  WOULD  ENCOURAGE  YOU  TO  SEE  SOME 

:MORE  EXAMPLES   IF  YOU  DID  NOT  RECOGNIZE 

:THIS  ONE. 

j:helpc 

m: 

t: 

t(%a  >  2)  :YOU  ARE  NOT  FOLLOWING 

: DIRECTIONS.    I  AM  STARTING  THIS  SECTION 

:OVER. 

j  (%a  <  2)  :f  iga 

t:I   DON'T  RECOGNIZE  YOUR  ANST'TER.  PLEASE 

:TYPE  IN  EITHER  YES  OR  NO. 

T: 

T:TRY  AGAIN 

j  :  @a 

*he].pc 

g :  es 

t: 

t: 

t: 

t: 

t: BEFORE  GOING  ON,    $n$   ,    I  AM  GIVING  YOU 
:A  LAST  CHANCE  TO  LOOK  AT  THE  EXAMPLES  OF 
: FIGURES  WHICH  ARE  PARALLELOGPvAMS  AND 
:SOME  WHICH  ARE  NOT  PARALLELOGRAMS, 
t: 

T:   DO  YOU  WANT  TO: 
T: 

T:      l.SEE  EXAMPLES 
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T:     2. GO  ON 

T : 

TH:    (CHOICE)  ==> 
a : 

m:       !  see  !  examples  !  *one% 

uy : reva 

*end 

1 : spcases 
*reva 
g :  V 
g :  es 
gx: par a 

t:   ALL  OF  THESE  ARE  NONE  OF  THESE  ARE 

t: 

t:      PAR.^LLELOGRAHS  PARALLELOGRAM 
:S 

u : cont 

t: 

t: 

t:     NOW,   $n$    ,   YOU  NEED  ^0  MAKE  ANOTHER  t:  CHOICE. 

t: 

t: 

t: 

t: 

t:  1.   RETURN  TO  THE  LESSON 

t: 

t:  2.   SEE  SOME  MORE  EXAMPLES 

t: 

th:    (CHOICE)  ==> 
a : 

m: %2% ! see ! examples ! review! %two% ! hel p 
uy : revb 
t: 
e : 

*revb 
g :  es 

gx: r2para 

t:   ALL  OF  THESE  ARE  NONE  OF  THESE  IS 

:A 

t: 

t:      PARALLELOGRAT-IS  PARALLELOGRAM 
t: 

u :  cont 
e : 

*spcase 
pr:g  1 
d: z$ (250) 
c:a9$=chr (35) 
g :  V 
j  :def 
*cont 

th:$m9$  $a9$  $b9$  press 


:  <$c9$  SPACE$d9$  )  to  continue 
w:  300 


g :  es 
e  t 

*def 


g 

t 
t 
t 
t 
T 
T 
T 
T 
T 

T 
T 
U 
T 
T 

m 

X 

t 
t 
t 
t 

T 
T 
T 
T 
T 
T 

m 

T 
t 
u 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
T 
U 


es 


OK,    $n$    ,   YOU  V7ERE  TO  HAVE  BEEN 

THINKING  OF  A  DEFINITION  FOR 

PARALLELOGRAMS.    IN  JUST  A  SECOND  I 

WILL  GIVE  YOU  A  DEFINITION,    IT  SHOULD 

SE  ALMOST  THE  SAI-IE  AS  YOURS. 
CONT 


HERE  IS  THE  DEFINITION 

A  PAPALLELOGRAiM  IS  A  QUADRILATERIAL 
(4  SIDED  FIGURE)    V7HICH  HAS  BOTH  PAIRS 
PAIRS  OF  OPPOSITE  SIDES  PARALLEL. 


cont 


WOW,    $n$    ,    IT  IS  TIME  TO  LOOK  AT  SOME 
SPECIAL  KINDS  OF  FIGURES  WHICH  MIGHT 
BE  PARALLELOGRAiMS ,   BUT  ARE  CALLED  BY 
OTHER  NAI-IES  BECAUSE  OF  SOME  SPECIAL 


CHARACTERISTICS  WHICH  THEY  HAVE. 
CONT 
*rect 
g :  es 

gx: s) f ig 
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g:v20,39,0,23 
t 
t 
t 
t 
t 

t:   THE  FIGURES  TO  YOUR  LEFT  ARE 

:QUADRILATERIALS  WIICH  HAVE  ALL  FOUR  OF 

:THE  ANGLES  AT  90  DEGRESS  (RIGHT 

: ANGLES) 
T: 
T: 

T: THESE  FIGURES  ARE  RECTANGLES. 
U : CONT 
T: 
T: 
T : 

T:   $n$   ,   ARE  THESE  RECTANGLES  ALSO 
: PARALLELOGRAMS? 
t: 

th: (YES  or  NO) ==> 
a : 

mj  :  %yes% I %y% ! %sure%! %certainly% 
sy:45,10 
t: 
t: 
t: 

t:   OF  COURSE  THEY  ARE! 
u : cont 
J :  genr 
mj : %no%l %n% 
s:10,45 
t: 
t: 
t: 

t:OH  SURE  THEY  ARE,    $n$    ,   LOOK  AT  THE 
: FIGURES  TO  YOUR  LEFT  AGAIN.  NOTICE 
:THAT  THE  RECTANGLES  ARE  PARALLELOGRAMS 
: WHICH  LOOK  A  LOT  LIKE  THE  EXAMPLES  YOU 
:SAW  EARLIER. 
U : CONT 
j  :  genr 
m: 
t: 
t: 

t:I  DO  NOT  RECOGNIZE  YOUR  ANS^^TER. 
: PLEASE  TYPE  IN  EITHER  YES  OR  NO. 
J:@ 
*genr 
g :  es 
t: 
t: 
t: 
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t:V?ould  you  nov/  say  that  all  rectangles 

:are  parallelograms? 

t: 

•■h:  (YES  or  NO)  ==> 
a : 

mj : %yes%! %y%! %sure%! %certainly% 

sy:4  5,10 

t: 

t: 

t: 

t:    RIGHT  YOU  ARE! 

J : recta 

mj : %no%! %n% 

s:10,45 

t: 

t: 

t: 

t:OH  SURE  TKEY  ARE,   $n$  . 
T : 

T:IN  FACT  A  RECTANGLE   IS  DEFINED  TO  BE 

:A  PARALLELOGRAM  WHICH  HAS  RIGHT  ANGLE 

:VERTICIES.    (90  DEGREE  ANGLES) 

U : CONT 

j  :  recta 

m : 

t: 

t: 

t:I   DO  NOT  RECOGNIZE  YOUR  ANSWER. 

: PLEASE  T'YPE   IN  EITHER  YES  OR  NO. 

J:@ 

*rhom 

gxtbox 

gx: r ) fig 

g :  es 

t: 

t: 

t: 

t: 

t:THE  FIGURES  NOW  ON  THE  LEFT  OF  THE 

: SCREEN  ARE  EXAt4PLES  OF  A  SPECIAL  TYPE 

:0F  FIGURE.   EACH  OF  THE  FIGURES 

:IS  A  RHOMBUS.     A  RHOMBUS     HAS  ALL  4  OF  ITS 

: SIDES  EQUAL  IN  LENGTH, 

u : cont 
t : 
t: 
t: 
t: 

t:IS  EACH  RHOMBUS  A  PARALLELOGRAM? 
t : 

th:  (YES  or  NO)  ==> 
a : 


mj : %yes%! %y% 

sy:45,10 

t: 

t: 

t: RIGHT  YOU  ARE,   $n$  . 

u : cont 

j : genb 

mj : %no%! %n% 

s:10,25 

t: 

t: 

t: 

t: SORRY,    $n$    ,   BUT  EACH  RHOMBUS  MUST  BE 

:A  PARALLELOGRAM.     LOOK  AT  THE  EXAMPLES 

: AGAIN. 

U : CONT 

j  :  genb 

m: 

t: 

t: 

t:I   DO  NOT  RECOGNIZE  YOUR  ANSVTER. 

: PLEASE  TYPE  EITHER  YES  OR  NO. 

J:@ 

*genb 

g :  es 

t: 

t: 

t: 

t: 

t:V70ULD  YOU  N0V7  SAY  THAT  EVERY  RHOMBUS 

:MUST  ALSO  BE  A  PARALLELOGRAM? 

t: 

th: (YES  or  NO) ==> 
a : 

mj : *yes%! %y% 
sy:45,10 
t : 
t: 

t: RIGHT  YOU  ARE,    $n$  . 

j : rhomba 

mj : %no%! %n% 

s:10,25 

t : 

T: 

T: 

t: 

t: SORRY,   $n$    ,   BUT  EACH  RHOMBUS  IS 

: DEFINED  TO  BE  A  PARALLELOGRAM  WHICH 

:HAS  ALL  FOUR  OF   ITS  SIDES  OF  EQUAL 

: LENGTH 

UrCONT 

J : rhomba 

t: 
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f.l   no  M-.T   .-^li^J  G       E  YOUR  ANSWER. 
: PLEASE  TYPE  EITHER  YES  OR  NO. 
J:@ 
*sq 

gx: box 

gx: t) fig 

g :  es 

t: 

t: 

t: 

t:THE  FIGURES  NOW  ON  THE  LEFT  OF  THE 

: SCREEN  ARE  SQUARES.     YOU  WILL  NOTICE 

:THAT  THEY  HAVE  BOTH  RIGHT  ANGLES  AND 

: EQUAL  LENGTH  SIDES. 

U : CONT 

T: 

T : 

T: 

T:KOW,    $n$    ,   ARE  THESE  SQUARES  ALSO 

rPARALLELOGRAJlS? 

t: 

th: (YES  or  NO) ==> 
a : 

mj  : %y% ! %yes% 

s:45,15 

t: 

t: 

t:   SURE  THEY  ARE,   $n$  . 

u : cont 

j  :  gens 

mj  : %no% ! %n% 

s:10,25 

t: 

t: 

t:LOOK  AT  THE  EXAMPLES  ON  THE  LEFT 

: AGAIN,   $n$   .     NOTICE  THAT  THE  OPPOSITE 

:LINE  SEGMENTS  ARE  PARALLEL  TO  EACH 

: OTHER?     THIS  MAKES  ALL  SQUARES 

:  PARALLELOGRAiMS  . 

U : cont 

j : gens 

m: 

t: 

t: 

t:I  DO  NOT  RECOGNIZE  YOUR  ANSV7ER. 

: PLEASE  TYPE  EITHER  YES  OR  NO. 

J:(a 

*gens 

g :  es 

t: 

t: 

t: 

t: 
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t: WOULD  you  NOW  SAY  THAT  ALL  SQUARES 

:MUST  ALSO  3E  PARALLELOGRAMS? 

t: 

th: (YES  or  NO) ==> 
a : 

mj  :  %y% ! %yes% 

s:45,i5 

t: 

t: 

t:   SURE  THEY  ARE,   $n$  . 

j : squa 

mj : %no%! %n% 

s:10,25 

t: 

t: 

t:LOOK  AT  THE  EXAMPLES  ON  THE  LEF^'^ 
AGAIN,    $n$    .     NOTICE  THAT  THE  OPPOSITE 
LINE  SEGMENTS  ARE  PARALLEL  TO  EACH 
OTHER?     THIS  MAKES  ALL  SQUARES 
PAPJ^XLELOGRAMS  . 
U: cont 
j : squa 
m: 
t: 
t: 

t:I   DO  NOT  RECOGNIZE  YOUR  ANSWER. 
: PLEASE  TYPE  EITHER  YES  OR  NO. 
J:(a 

*recta 
G:ES 
t 
t 

T 
T 

T:YOU  SHOULD  NOW  REALIZE  THAT  ALL 
:  RECTANGLES  ARE  PARALLELOGRAxMS  V7HICH 
:HAVE  RIGHT  ANGLE    (90  DEGREES) 
rVERTICIES. 
urcont 
t: 
t: 
T: 
T: 

T:THAT  MEANS  THAT  ANY  RECTANGLE   IS  A 
:  PARALLELOGRAM .   H0V7EVER,   NOT  EVERY 
:PARALLEL0GRA>1   IS  A  RECTANGLE. 
U : CONT 
j : rhom 
*rhomba 
g :  es 
t: 
t: 


A  RHOMBUS   IS  ALSO  A  SPECIAL  CASE  OF 


:  PARALELOGRAI-IS . 
:A  RHOMBUS   IS  A 


YOU  SHOULD  REMEMBER  THAT 
PARALLELOGRAM  IVHICH  HAS 


:ALL  FOUR  3 IDES  OF  EQUAL  LENGTH. 

u : cont 

t: 

t: 

T: 

T: 

T:   THAT  MEANS  THAT  EVERY  RHOMBUS   IS  A 

: PARALLELOGRAM.   HOWEVER,   NOT  EVERY 

: PARALLELOGRAM  IS  A  RHOMBUS. 

U : CONT 

j  :  sq 

*squa 

g :  es 

t: 

t: 

T: 

T: 

T: 

T:   NOW,   A  SQUARE   IS  A  SPECIAL  CASE  OF 
RHOMBUS.    AS  A  RHOMBUS   IT  HAS  ALL  FOUR 
SIDES  OF  EQUAL  LENGTH.    IT  ALSO  HAS 
RIGHT  ANGLES  AT  ALL  FOUR  VERTICIES, 
THIS  CHARACTERISTIC  MAKES   SQUARES  A 
SPECIAL  CASE  OF  RECTANGLES, 
u: cont 
t: 
t: 
T: 
T: 

T: SINCE  A  SQUARE  IS  BOTH  A  RHOMBUS  AND 

:A  RECTANGLE  IT  MUST  ALSO  BE  A  SPECIAL 

:CASE  OF  PARALLELOGRAMS. 

U : CONT 

*di 

T: 

T: 

T: 

T: 

T: PERHAPS  A  GRAPHIC  DIAGRAM 
: WOULD  HELP  YOU  TO  UNDERSTAND  THESE 
: SPECIAL  RELATIONSHIPS,   $n$  . 
T: 
T: 
T: 
T: 
T: 


WOULD  YOU  LIKE 


T:        1)    SEE  THE  DIAGRAJ4 

T: 
ff . 

T:        2)    CONTINUE  THE  LESSON 
T: 
T : 

TH:   YOUR  CHOICE  ==> 
A: 

m: %1% ! %one% ! %see ! diagram% ! %goback% 
jy : Venn 

*end 
1 : sides 
*  Venn 
g :  V 
g :  es 

gx : x) rev 
w:10 
u:cont 
g :  es 
t 
t 
t 
t 
T 
T 
T 
T 
T 
T 
T 
T 

TH:   YOUR  CHOICE  ==) 
A: 

m: %1% ! %one% !%see!review 
jy : rect 
j  :  end 

pr  :g 
j  :  beg 
*cont 

th:$ni9$  $a9$  $b9$  press 

:  /$c9$  SPACE$d9$  )     to  continue 

w:  200 

g :  es 

e: 

*pic 

gx:m) diag 

g :  es 

t: 

t: 

t: 

t:LOOK  AT  THESE  EXAJ-IPLES  OF  PARALLELOGR 


NOW  WOULD  YOU  LIKE  TO 

1)  SEE  REVIEW  AGAIN 

2)  CONTINUE  THE  LESSON 
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:AMS  WITH  THEIR  DIAGONALS  DRAWN. 

: REMEMBER  THAT  IF  A  PROPERTY  IS  NOT 

•.TRUE  FOR  SOME  PARALLELOGRAI-IS ,  THEN 

:THAT  PROPERTY  CANNOT  BE  TRUE  FOR  ALL 

: PARALLELOGRAMS . 

U: cont 

gx: k) diag 

e : 

*beg 
d:x$  (3) 
g:  V 
g :  es 

gx: j ) diag 


v21,39.0, 22 


t: 

t:THE  NEW  FIGURE  ON  THE  LEFT  OF  THE 
: SCREEN   IS  PARALLELOGRAM  efgh.   YOU  WILL 
: NOT ICE  THAT  THERE  ARE  SOME  BLUE  LINE 
: SEGMENTS   INSIDE  THE  PARALLELOGRAM. 
T: 

u : cont 

g :  es 

t: 

t: 

T: 

T: 

T: 

t: 

T:THESE  LINE   SEGMENTS  ARE  NOT  SIDES  OF 
:THE  PARALLELOGRAM,   BUT  T'HEY  CONNECT 
:THE  OTHER  VERTICIES. 
T; 
T 
T 

T:LOOK  CAREFULLY  AT  THE  DIAGONALS,  $n$ 

•  • 

T: 

u : cont 
G:ES 
T: 
T : 

*QUESE 

t; 
t; 
t; 
t; 


t: 

t:TIME  FOR  ANOTHER  QUESTION,   $n$  . 
T: 

T:CAN  DIAGONALS  BE  CONSTRUCTED  FOR  ANY 

: PARALLELOGRAM? 

T: 

TH: (YES  or  MO) ==> 
a : 

M: %yes%! %y% 
t: 

sy:45,15 

ty: RIGHT,   AND  WITHOUT  MUCH  DIFFICULTY 

JY:quesf 

sn: 10 , 25 

tn:OH,   SURE  THEY  CAN.   ALL  YOU  WOULD 
iNEED   IS  A  STRAIGH'T'  EDGE  TQ  CONNECT  '^llE 
rVERTICIES.    (LIKE  THE  BLUE  LINES   IN  '^HE 
:  FIGURE) 
T: 

u : cont 

*quesf 

g :  es 

T: 

T: 

T: 

t: 

t:IN  THE  FIGURE  ON  YOUR  LEFT  THERE  ARE 
:TWO  DIAGONALS  eg  AND  fh.   ARE  THOSE  THE 
:ONLY  DIAGONALS  OF  PARALLELOGRAM  efgh  ? 
t: 

th:  (YES  or  NO)  ==> 
a : 

m:  %y% ! %yes% 
t: 

sy:45,15 

ty: RIGHT  YOU  ARE,    $n$  . 
sn:10,25 

tn: SORRY,   $n$   ,   BUT  EACH  PARALLELOGRAM 
:CAN  HAVE  ONLY  TWO  DIFFERENT  DIAGONALS. 
T : 

u : cont 
g :  es 
*quesg 
c:  t=l 
c :  z=l 
T: 
T: 
T: 

t: 

t:NOW  IT  IS  YOUR  TURK  TO  FIND 
: DIAGONALS, 
:  $n$  . 


a  minute  to 
space  bar) 


draw  after  you 


t: 

t:  (give  me 
:press  the 
u : cont 
g :  V 
g :  es 

gx : 1 ) d  iag 

g:v21,39,0,22 

*quesga 

g :  es 

t : 

t: 

t: 

t:LOOK  AT  PARALLELOGRAM  wtxy  ON  THE 
:LEFT  OF  THE  SCREEN.    I  WANT  YOU  TO  TYPE 
:IN  THE  LETTERS  WHICH  DESIGNATE  THE 
: DIAGONALS  OF  THE  PARALLELOGRAM. 


T:     A  DIAGONAL  IS 
T: 

TH:  ===> 
A:$x$ 

mj  :  %wx%! %xw% 
t: 

*drwdig 
t: 

s(t=2) :10,25 
t  (t  =  2)  rVJAIT  A 
:GAVE  ME  THAT 
u  (t=2) :cont 
j  (t=2)  rquesga 
s  {t=l)  :45,15 
t  (t=l)  :  GOOD, 
:PARA.LLELOGRA.M 
g :  c6 

g :m54 , 445 

g:d236,147 

t: 

t:HOPE  YOU  SAW  THAT 


MINUTE,  $n$  , 
LINE  SEGMENT. 


YOU  ALREADY 


$n$  , 
wtxy , 


$x$     IS  A  DIAGONAL  OF 


DIAGONAL  DRAI'TN,  $nS 


u : cont 

t: 

t: 

t: 

t: 

t: 

t(z=l):NOW  LETS  GO  BACK  AND   I  WANT  YOU 

:T0  GIVE  ME  THE  OTHER  DIAGONAL. 

u  (z  =  l) :cont 

c: t=t+l 

J  (z=l)  : quesga 

t(z=2):FINE,   $n$   ,TIME  TO  GO  ON 
u  (z  =  2)  :cont 


J : quesh 

mj : %ty% ! %yt% 

*drwdia 

t: 

s  (2  =  2)  -.10,25 

t(z=2):H0LD  ON,    $R$    ,   YOU  HAVE  ALREADY 
: GIVEN  ME  THAT  LINE  SEGMENT, 
u  ( z=2)  : cont 

j  (z  =  2)  :quesga 

s  (z  =  l)  :45,15 

t  (z  =  l)  :RIGHT,   $n$  . 

g :  c6 

g:ml80,360 
g:dll0,232 
t: 

t: THERE  WE  GO ,   $n$  . 

t: HOPE  YOU  NOTICED  THAT   I   DREW  THE 

: DIAGONAL  ON  THE  FIGURE. 

u : cont 

T: 

T: 


t(t=l):FOW  LETS  GO  BACK  AND   I  WANT  YOU 

:T0  GIVE  ME  THE  OTHER  DIAGONAL. 

c : z=z+l 

u ( t=l) : cont 

j (t=l) :quesga 

t(t=2):G00D  JOB,    $n$   ,   TIME  TO  GO  ON. 
w :  2 

j : quesh 

mj : %wt%! %tw%! %wy% ! %yw% ! %xy% ! %yx%! %tx% ! % 

:xt% 

t: 

t: 

t: 

s:10, 25 

t:LOOK  AT  THE  FIGURE  AGAIN.      $x$      IS  ONE 

:0F  THE  SIDES  OF  PARALLELOGRAM  wtxy. 

:  SINCE  IT  IS  A  SIDE  OF  THE  PARALLELOGRA 

:M,    IT  CAN  NOT  ALSO  BE  ONE  OF  THE 

:  DIAGONALS. 

T: 

T:TRY  THE  QUESTION  AGAIN 

u : cont 

j :quesga 

m: 

t: 

t: 

s:10,25 

t(%a>  4)  :YOU  NEED  SOME  REVIEW, 
uc : cont 


jc : aaa 

t:I   DON'T  RECOGNIZE  YOUR  ANSWER 
t: 

t:TRY  AGAIN 

utcont 

j : quesga 

*aaa 

t: 

t: WHICH  DO  YOU  NEED  TO  DO 
T: 

T:         1. REVIEW 
t: 

t:         2. CONTINUE 

t: 

t: 

th:  (CHOICE)  ==> 
a : 

m: %1% ! %one% ! review ! more ! help ! 

jy : beg 

jn:quesh 

TN4:  SORRY,    Sn$    ,   YOU  COULD  HAVE  'T'YPED  : 
:ANY  OF  THE  FOLLOWING  LINE  SEGMENTS: 
:0R  xw   (ONE  DIAGONAL)    ty  OR  yt  (OTHER 
:DIAGONAL)OF  PARALLELOGRAM  wtxy. 


tn(%a<4):N0,   $nS    ,  J-     -J'^  '-'lAGOI 

:   TRY  AGAIN, 
uc : cont 
jc : quesga 

*(_ri_i  o  3  h 

vj:  V 

'■]-< : ;:  i  .;  ■>  c:n 

'_j  •  .—  -  f  -     r  J  f  - 
J-  . 

t:L'''Or  A'"  DIAGONALS   IN  ^HIS  FIGURE 

:NOW,     $n$  - 

T:TKE  DIAGONALS   jq  AND  pk   INTERSECT  AT 
:A  POINT.    IS  THAT  POINT  IN  THE  JIIDDLE 
:   OF  EACH  OF  THE  DIAGONALS   jq  AND  pk? 
t: 

th:  (YES  or  NO)  ==> 
a : 

m: %y% ! %yes% 
t: 

Ey:45,15 

ty:VERY  GOOD,  $n$ 
jy :gena 
sn: 10 , 25 

tn:IT  MAY  NOT  LOOK  LIKE  IT  TO  YOU,  $n$ 
:BUT  IN  FACT  THEY  ARE  BISECTED.  (CUT  IN 


:HALF)      TAKE  A 

:GOOD  LOOK  AT  THE  FIGURE. 

U: cont 

t: 

*gena 
g :  es 
t: 
t: 

t:YOU  NOW  KNOW  THAT  THE  DIAGONALS  OF 

:THE  PARALLELOGRAM  ON  THE  LEFT  OF  THE 

: SCREEN  BISECT  EACH  OTHER. 

T: 

T: 

T:DO  THE  DIAGONALS  OF  ALL  PARALLELOGRAT-l 

:S  BISECT  EACH  OTHER? 

T: 

TH: (YES  or  NO) ==> 
a : 

mj  :  %y% 1 %yes% 

t: 

t: 

s:45,15 

t:THAT'S  RIGHT  $n$  . 

j  :  genb 

mj  :  %n% ! %no% 

t: 

t: 

s: 10 , 25 

t:NO,  $n$  ,  THE  DIAGONALS  DO  BISECT 
:EACH  OTHER  IN  EVERY  PARALLELOGRAxM . 
W:l 

j : backa 

m: 

T: 

t(%a>  3): YOU  ARE  NOT  FOLLOWING 

: DIRECTIONS  $n$   .   TIME  TO  START  AGAIN. 

j  ( %a  <  3 ) : quesh 

t: 

t:    I   DON'T  RECOGNIZE  YOUR  ANSV7ER,  PLEASE 

:TYPE  IN  EITHER  YES  OR  NO. 

j  :@a 

*backa 

g:es 

T: 

T:   WOULD  YOU  LIKE  TO 
T: 

T:  1.  SEE  SOME 
T :  EXAf-lPLES 
T: 

T:   2.  CONTINUE 
T: 

TH:  (CHOICE) ==> 
A: 


M: %1% ! %one% ! %see ! examples 

uy : pic 

*genb 

g :  es 

T: 

T: 

T: AGAIN  USING  THE  FIGURE  ON  THE  LEFT  OF 
:THE  SCREEN,    I  WANT  YOU  TO  LOOK  CLOSLY 
:AT  THE  ANGLES  FORMED  BY  THE  INTERSECTI 
:0N  OF  THE  DIAGONALS. 

W:  2 

T: 

T:NOW,   $n$   ,   DO  THE  DIAGONALS  INTERSECT 

: FORMING  RIGHT  ANGLES? 

T: 

TH: (YES  or  NO) ==> 
a : 

mj : %y% ! %yes% 

s:45,15 

t: 

t: RIGHT  YOU  ARE 

j : genbb 

mj : %n% ! %no% 

s:10,25 

g :  es 

t: 

t: 

t:IT  MAY  BE  A  LITTLE  HARD  TO  TELL  FOR 

:SURE  HERE,   BUT  THE  DIAGONALS   IN  THE 

: EXAMPLE  DO  INTERSECT  AT  RIGHT  ANGLES. 

U: cont 

j : genbb 

m: 

T: 

t(%a>  3) :YOU  ARE  NOT  FOLLOWING 

: DIRECTIONS  $n$   .   TIME  TO  START  AGAIN. 

j (%a  <  3) :diag 

t: 

t:    I  DON'T  RECOGNIZE  YOUR  ANSWER,  PLEASE 

:TYPE  IN  EITHER  YES  OR  NO. 

j  :  @a 

*genbb 

g :  es 

t: 

t: 

t:THE  DIAGONALS   IN  THE  FIGURE  ARE 
rPERPINDICULAR  TO  EACH  OTHER  (FORM 
: RIGHT  ANGLES) .    REMEMBER  THAT. 
T: 

T:MY  NEXT     QUESTION  IS,   WILL  THE  DIAGONALS 
:0F  ALL  PARALLELOGRAMS   INTERSECT  AT 
: RIGHT  ANGLES? 
T: 


TH: (YES  or  NO) ==> 
a : 

mj :%n%! %no% 

s:45,15 

t: 

t: GREAT,  $n$ 
j : gene 

mj : %y% ! %yes% 

s:10,25 

t: 

t: 

t:NO  THEY  WILL  NOT! 
W:  1 

j : backb 

m: 

T: 

t(%a>  3) :YOU  ARE  NOT  FOLLOWING 

: DIRECTIONS   $n$    .   TIME  TO  START  AGAIN. 

j (%a  <  3)  :diag 

t: 

t:    I  DON'T  RECOGNIZE  YOUR  ANSWER,  PLEASE 

:TYPE  IN  EITHER  YES  OR  NO. 

j  :@a 

*backb 

g :  es 

t : 

t: 

T: 

T:   WOULD  YOU  LIKE  TO 
T: 

T:  1.  SEE  SOME 
T :  EXAMPLES 
T: 

T:    2.  CONTINUE 
T: 

TH:  (CHOICE) ==> 
a : 

M: %1% ! %one% ! %see ! examples 

uy :pic 

*genc 

g :  es 

t: 

t: 

trONCE  AGAIN,   USING  THE  FIGURE  ON  THE 

:LEFT  OF  THE  SCREEN,    $n$    ,    I  WANT  YOU 

:T0  TELL  IF  THE  DIAGONALS  BISECT 

: (DIVIDE  INTO  TWO  EQUAL  PARTS)  THE 

: ANGLES  OF  THE  VERTICIES. 

W:  2 

T: 

T:DO  THE  DIAGONALS  BISECT  THE  VERTEX 

: ANGLES? 

T: 


TH:  (YES  or  NO) ==  > 
a : 

mj : %y% ! %yes% 

s:45,15 

t: 

t:THEY  SURELY  DO 

j : gencc 

mj : %n% ! %no% 

s:10,25 

g :  es 

t: 

t: 

t:YOU  MAY  NOT  BE  CERTAIN  OF   IT  ON  THE 

: SCREEN,   BUT  THE  DIAGONALS   IN  THE 

: FIGURE  DO  ACTUALLY  BISECT  THE  ANGLES 

: FORMED  BY  THE  VERTICIES 

u : cont 

j  :  gencc 

m: 

T: 

t(%a  >  3)  :YOU  ARE  NO'^  FOLLOWING 

: DIRECTIONS   $n$    .   TIME  TO  START  AGAIN. 

j (%a  <  3)  :diag 

t: 

t:    I  DON'T  RECOGNIZE  YOUR  ANSV7ER,  PLEASE 

:TYPE  IN  EITHER  YES  OR  NO. 

j  :(aa 

*gencc 

g :  es 

t: 

t: 

t'.VTE  NOW  KNOW  THAT  FOR  THE  EXAMPLE  ON 
:THE  LEFT  OF  THE  SCREEN,    ITS  DIAGONALS 
: BISECT  THE  ANGLES.     WILL  THE  DIAGONALS 
:0F  ANY  PARALLELOGRAM  BISECT  THE 
:ANGLES  FORMED  AT   ITS  VERTICIES? 
T: 

TH: (YES  or  NO) ==> 
a: 

mj : %no%! %n% 

s:45,15 

t: 

t:GOOD  THINKING,  $n$ 
j  :  end 

mj : %y% ! %yes% 

s:10,25 

g :  es 

t: 

t: 

t:NO  THEY  DON'T 
W:  1 

j : backc 
m: 
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T: 

t(%a>  3) :YOU  ARE  NOT  FOLLOWING 

: DIRECTIONS   $n$   .   TIME  TO  START  AGAIN. 

j  (%a  <  3)  :diag 

t: 

t:    I   DON'T  RECOGNIZE  YOUR  ANSWER,  PLEASE 

:TYPE  IN  EITHER  YES  OR  NO. 

t: 

j  :(aa 

*backc 

t: 

t: 

T: 

T:   WOULD  YOU  LIKE  TO 
T: 

T:  1.  SEE  SOME 
t :  EXAMPLES 
T: 

T:   2.  CONTINUE 
T: 

TH:  (CHOICE) ==> 
a : 

M: %1%! %one%! %see ! examples 

uy:pic 
*end 
l:zend 
e : 


APPENDIX  B 
PRETEST 


PARALLELOGRAM  PRE-TEST 


CEP  MATHEMATICS   198  2 


NAME: 
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1.   DRAVJ  A  CIRCLE  AROUND  EACH  FIGURE  THAT   IS  A  PARALLELOGRAM 
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2. A  PARALLELOGRAM  HAS 


SIDES  , 


3.  DRAW  AN  EXAMPLE  OF  3  DIFFERENT  TYPES  OR  KINDS  OF 
PARALLELOGRAMS 


4.   HERE   IS  A  FOUR  SIDED  FIGURE,   SKETCH   ITS  DIAGONALS, 

IF  YOU  ARE  NOT  SURE  WHAT  A  DIAGONAL  IS  CHECK  THIS  BOX, 


APPENDIX  C 
POSTTEST 


PARALLELOGRAM 

PROGRAM 

CEP  MATHEMATICS 
NAME :  
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1.   DRAW  A  CIRCLE  AROUND  EACH  FIGURE  THAT  IS  A  PARALLELOGRAM 
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II 


FOLLOWING  EACH  STATEMENT  WaTE: 


A  FOR  ALT'TAYS 
S  FOR  SOMETI 
N   FOR  rTEVER 


l-'ES  TRUE 
TRUE 


1.  A  RECTANGLE   IS  A  PAPJ^.LLELOGRAM . 

2.  THE  OPPOSITE  SIDES  OF  A  PARALLELOGRAM  INTERSEC". 

3.  PARALLELOGRAMS  HAVE  FOUR  DIAGONALS 

4.  PARALLELOGRAMS  ARE  SQUARES. 

5.  PAxRALLELOGPAMS  HAVE  FOUR  SIDES. 

6.  A  RUOr'iBUS   lA  A  RECTANGLE. 

7.  THE  DIAGONALS   OF   A  PARALLELOGRAM  BISECT  '"HE  ANCLES 
FORMED  A":"  THE  VER.TICIES. 

8.  A  PARALLELOGPAM  HAS  ONLY  ONE  PAIR  OF  OPPOSITE  SIDES 

9.  THE  DIAGONALS  OF  A  PAPJ\LLELOGRAM  BISECT  EACH  OI'HER. 

10.  ALL  SQUARES  ARE  RECTANGLES. 

11.  FOR  A  GIVEN  SIDE  OF  A  PARALLELOGRAM  THERE   IS  JUST  ONE 
SIDE  WHICH  IS  ADJACENT  TO  IT. 

12.  OPPOSITE  SIDES  OF  PARALLELOGRAMS  HAVE  ^HE  SAiE  LENC^H . 

13.  A  RHOMBUS   IS  A  SOUARE 

14.  THE  DIAGONALS  OF  A  PARALLELOGRAM  FORM  RIGHT  ANGLES. 

15.  A  SQUARE   IS  A  PARALLELOGRAM. 

16.  THE  DIAGONALS  OF  A  PARALLELOGRAM  APE  PARALLEL  '"O  EACH 
OTHER. 

17.  A  PARALLELOGRAM   IS  A  RECT^ANGLS. 

18.  A  PARALELOGRAf!  MAY  "AVE  SIX  SIDES. 

19.  A  PARALLELOGRAJl  HAS  ADJACENT  SIDES  V^^ICT'  TNTERSEC":' 
RIGHT  ANGLES. 

20.  EVERY  RHOMBUS   IS  A  PARALLELOGRAM. 

21.  A  PAPALLELOGPA*!   IS   A  TRIANGLE. 
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22.  THE  DIAGONALS  OF  A  PARALLELOGRAM  HAVE  THE  SAME  LENGTH. 

23.  A  PARALLELOGRAM  IS  A  RHOMBUS 

24.  EVERY  RECTANGLE   IS  A  PARALLELOGRAM. 

25.  A  RHOMBUS  HAS  ADJACENT  SIDES  WHICH   INTERSECT  AT  RIGHT 
ANGLES . 


Ill 


WRITE  A  DEFINITION  OF  A  PARALLELOGRAM 


IV 

USE  PARALLELOGRAM  RSTU  FOR  THE  NEXT  QUESTIONS 


1.  THE  SIDE  OPPOSITE  FROM  RS  IS 

2.  RU  IS  AN  ADJACENT  SIDE  TO  SIDE 

3.  SIDE  TU   IS  THE  SAME  LENGTH  AS  SIDE 

4.  IS  RSTU  A  RHOMBUS? 

5.  IS  RSTU  A  RECTANGLE? 


T 
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V 


USE  THE  PARALLELOGRAM  TO  THE  RIGHT  OF  THE 
PAGE  FOR  THE  QUESTIONS  OF  THIS  SECTION. 


THE  FOUR  ANGLES  INSIDE  THE 
PARALLELOGRAM  ARE  NUMBERED 
1-4. 


1.  WHICH  ANGLE  IS  OPPOSITE  ANGLE  2? 

2.  WHICH  ANGLE  IS  OPPOSITE  ANGLE  3? 

3.  HOW  MANY  ANGLES  ARE  ADJACENT  TO  ANGLE  4? 

4.  ARE  ANGLES   1   AND   2  THE  SAME  SIZE? 

5.  ARE  ANGLES   3  AND   4  THE  SAME  SIZE? 

6.  IS  THERE  A  RELATIONSHIP  CONCERNING  OPPOSITE  ANGLES 
WHICH   IS  TRUE  FOR  ALL  PARALLELOGRAMS? 

7.  WHAT   IS  THE  RELATIONSHIP,   IF  ANY,  BETWEEN 
ANGLES   1  AND  4? 

8.  CAN  PARALLELOGRAMS  HAVE   3  ANGLES  THE  SAME  SIZE,   AND  THE 
OTHER  ANGLE  A  DIFFERENT  SIZE? 

9.  IS  THERE  A  RELATIONSHIP  WHICH   IS  TRUE  FOR  ALL 
PARALLELOGRAMS  CONCERNING  THEIR  ADJACENT  SIDES? 

10.    IF  ALL  FOUR  ANGLES  OF  A  PARALLELOGRAM  ARE  EQUAL,  THEN 
IS  THE  PARALLELOGRAM  A  SQUARE? 
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